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ATRESIA  OF  THE  AOETIC  OEIFICE,  DUE  TO 
ANOMALOUS  DEVELOPMENT  OF  THE  AURI- 
CULAE   SEPTUM.i      By     Joseph     A.     Blake,     M.D., 

Assistant  Demonstrator  of  Anatomy,  Columbia   University ; 
Surgeon  to  St  Lukes  and  Harlem  Hospitals. 

The  specimen,  on  which  this  contribution  is  based,  was 
removed  from  an  infant  born  at  the  Sioane  Maternity  Hospital 
in  New  York, 

The  mother  was  healthy.  She  presented  a  supernumerary 
mamma ;  the  site  not  stated.  One  previous  confinement  was 
normal. 

The  child,  a  male,  weighed  6  lbs.  1h  oz.  at  birth,  was 
slightly  cyanotic,  otherwise  normal.  It  nursed  poorly,  but  at 
time  of  death  had  gained  If  ozs. 

It  died  on  the  fifth  day,  apparently  from  cardiac  failure, 
stimulation  being  ineffectual. 

Autopsy  by  Dr  James  Ewing,  who  kindly  furnished  me  with 
the  specimen,  was  recorded  as  follows  : — 

Eight  auricle  is  of  very  large  size.  Foramen  ovale  covered 
by  a  valve,  but  not  closed  along  edge  ^  in.  long.  Eight  ven- 
tricle of  very  large  size.  In  septum  between  ventricles  are  a 
number  of  large  spaces  traversed  by  muscular  bands.  Ventricles 
do  not  communicate.  Left  auricle  receives  pulmonary  veins, 
but  is  very  small.  Left  ventricle  holds  about  3-4  drops  of  fluid. 
No  vessels  appear  to  be  given  from  it.  Viscera  intensely  con- 
gested.    Lungs  very  atelectatic. 

The  heart  when  received  by  me  was  still  attached  to  the 
right  lung.  Numerous  incisions  had  been  made  in  its  walls, 
and  the  attenuated  ascending  aorta  had  been  divided  at  the  point 

^Read  before  the  Association  of  Americau  Anatomists,  Twelfth  Annual 
Session,  held  at  New  Haven,  Conn.,  Dec.  1899. 
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of   its    enlargement   to   become   arch   of  aorta.     It   had    been 
hardened  in  formalin,  but  not  distended. 

Before  the  drawings  were  made  the  heart  was  freed  from  the 
lung,  and  the  incisions  in  its  substance  closed.     They  represent 
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Fic.  1. — Ventral  View.     (Twice  natural  size.) 


very  accurately  the  appearance  of  the  exterior  of  the  organ, 
except  that  in  order  to  represent  the  relations  of  the  vessels 
clearly,  the  transverse  portion  of  the  aortic  arch  is  raised  from 
the  right  pulmonary  artery,  thus  adding  slightly  to  the  length 
of  the  ascending  portion. 


ATRESIA    OF   THE   AORTIC    ORIFICE  3 

The  most  striking  feature  was  the  disproportion  in  size 
between  the  right  and  left  sides  of  the  heart.  The  superficial 
area  of  left  auricle  and  ventricle  only  occupied  a  small  space 
on  the  dorsal  aspect  of  the  organ  (figs.  1  and  2).     The  dispro- 
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Fig.  2. — Dorsal  View.     (Twice  natural  size.) 

portion  in  the  size  of  the  cavities  was  still  more  marked.  Those 
of  the  right  side  had  the  appearance  of  being  distended, 
especially  that  of  the  right  auricle,  there  being  no  demarcatipn 
between  it  and  its  appendix. 

On  the  other  hand ,  the  left  ventricle  could  contain  only  three 
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to  four  drops  of  fluid,  and  the  left  auricle  was  only  of  sufficient 
size  to  act  as  a  channel  between  the  pulmonary  veins  and  the 
foramen  ovale.     Its  appendix  was  very  attenuated. 

The  great  vessels  presented  so  peculiar  an  appearance  on 
account  of  the  diminutive  size  of  the  ascending  aorta  (1  milli- 
metre in  diameter),  that  at  first  sight  there  appeared  to  be  a 
single  arterial  trunk. 

Closer  observation  revealed  the  following  arrangement.  (The 
description  corresponds  with  the  direction  of  the  blood  current.) 

The  right  ventricle  (fig.  1)  gave  off  a  large  trunk,  pulmonary 
artery,  which  continued  directly  (by  means  of  ductus  arteriosus) 
into  the  descending  aorta.  The  right  pulmonary  artery  was 
given  off  from  the  right  aspect,  and  the  left  from  the  dorsal  and 
left  aspect  of  this  vessel,  where  it  became  ductus  arteriosus. 

From  the  cephalic  portions  of  its  bend  a  trunk  was  given  off 
(distal  portion  of  arch  of  aorta),  which  immediately  became 
dilated,  and  from  the  dilatation  were  given  off  the  left  subclavian, 
left  common  carotid,  and  innominate  arteries,  while  a  small 
vessel  (the  ascending  aorta)  left  its  apex,  and  passing  dorsal  to 
the  large  trunk  from  the  right  ventricle,  terminated  at  the 
cephalic  portion  of  the  left  ventricle,  from  which  it  was  separated 
by  a  septum  of  connective  tissue  about  a  millimetre  in  thick- 
ness. Just  before  its  termination  the  coronary  arteries  were 
given  off. 

Examination  of  the  valves  revealed  the  following  conditions : 
The  left  auriculo-ventricular  valve  was  poorly  developed  and 
appeared  insufficient. 

The  right  auriculo-ventricular  valve  presented  two  segments, 
a  large  right  and  a  small  septal. 

The  coronary  valve  was  present.  The  eustachian  valve  was 
very  rudimentary,  consisting  of  a  very  narrow  fold. 

The  foramen  ovale  was  present,  but  differed  essentially  from 
the  normal  arrangement.  Viewed  from  the  interior  of  the 
right  auricle,  it  appeared  to  be  completely  closed  by  a  thick 
lunated  cushion,  the  free  border  of  which  was  ventrally  directed. 
From  the  left  auricle  it  appeared  as  a  slit-like  opening  at  the 
bottom  of  a  slight  depression. 

It  was  so  arranged  that  fluids  could  easily  pass  from  the  left 
to  the  right,  but  not  from  the  right  to  the  left  auricle. 
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This  disposition  of  the  valve,  it  seems  to  me,  can  only  be 
explained  by  the  method  of  development  of  the  interauricular 
septum,  as  observed  by  Born^  in  rabbit  embryos, — namely,  the 
appearance  of  a  second  septum  (septum  secundum)  which  grows 
downward  and  forward  on  the  right  side  of  the  first  septum,  and 
partly  closes  the  foramen  ovale,  giving  rise  ordinarily  to  the 
limbus  Vieussenii,  while  the  free  edge  of  the  first  septum  ordin- 
arily forms  the  valve  of  the  foramen  ovale.  In  this  instance, 
however,  the  septum  secundum  appears  to  have  grown  entirely 
across  the  lumen  of  the  foramen,  and  thus  forms  the  valve 
of  the  foramen  ovale,  while  the  first  septum  forms  a  limbus 
which  appears  in  the  left  auricle. 

If  this  is  the  true  explanation,  it  would  tend  to  prove  that 
the  development  of  this  region  is  the  same  in  man,  and  probably 
in  other  mammalia,  as  in  the  rabbit. 

The  obliteration  of  the  aortic  orifice  can  be  explained,  it 
appears  to  me,  by  the  faulty  development  of  the  valve  in  the 
interauricular  orifice.  The  valve  effectually  prevents  the  flow 
of  blood  from  the  right  auricle  to  the  left,  but  allows  it  to  pass 
easily  from  the  left  auricle  to  the  right. 

Such  being  the  case,  the  very  small  amount  of  blood  that  is 
returned  from  the  lungs  in  early  foetal  life  would  pass  through 
to  the  right  auricle.  Consequently,  the  left  ventricle  would 
have  practically  no  blood  to  act  upon,  which  fact  would  lead  to 
a  faulty  development,  and  probably  to  an  insufficiency  of  the 
auriculo-ventricular  valve,  so  that  when  the  flow  of  blood  did 
increase  from  the  pulmonary  veins,  the  left  heart  simply 
impelled  it  into  the  right  auricle  in  the  line  of  least  resistance. 

The  aortic  valve  was  kept  always  closed  by  the  intra-arterial 
pressure  exerted  by  the  right  ventricle  through  the  ductus 
arteriosus,  and  the  segments  of  the  aortic  valve  fused. 

The  portion  of  the  aorta  between  the  valves  and  the  first 
branch,  innominate  artery,  was  only  needed  for  the  supply  of  the 
coronary  arteries,  and  consequently  only  developed  sufficiently 
to  meet  their  requirements.  Of  course,  the  blood  current  in 
the  aorta,  as  far  as  the  junction  with  the  ductus  arteriosus,  was 
in  a  direction  opposite  to  the  usual  one. 

1  "Entwickelung  des  Siuigethier-herzens,"  Archiv.  fr.  Mikr.  Anat.,  Bd.  33, 
1889. 
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The  abrupt  increase  in  the  size  of  the  aorta  at  the  site  of  its 
branches  is  of  interest. 

The  value  of  the  specimen,  it  appears  to  me,  lies  in  the  fact 
of  its  having  a  direct  bearing  upon  the  theory  of  the  develop- 
ment of  the  interauricular  septum  and  orifice. 

In  looking  over  the  literature,  I  am  unable  to  find  any 
similar  anomaly. 

There  have  been  several  instances  of  atresia  of  the  pulmonary 
artery  reported,  most  of  which  were  associated  with  errors  in 
the  development  of  the  inter-ventricular  septum.^ 

1  Julius  Aru old,  Firchoin's  Archiv,  March  1868,  p.  449.  T.  B.  Peacock,  Trans. 
Path.  Soc,  vol.  XX.  p.  61.     Ibid.,  p.  87. 


ABSENCE  OF  THE  INFEEIOE  CAVA  BELOW  THE 
DIAPHRAGM.!  By  Thomas  Dwight,  M.D.,  LL.D.,  Park- 
man  Professor  of  Anatomy  at  Harvard.     (Plate  I.) 

Although  this  anomaly  is  perfectly  well  recognised,  it  is  still 
very  uncommon.  The  chief  points  of  the  manner,  though  not 
the  cause,  of  its  occurrence  are  easily  explained  in  accordance 
with  Hochstetter's  researches  on  the  development  of  the  inferior 
cava,  though  there  is  still  much  work  to  do,  as  he  himself 
points  out.  As  this  case  is,  like  most  others,  in  some  respects 
a  peculiar  one,  it  seems  worth  while  to  describe  it.  Having 
done  so,  I  shall  compare  it  with  such  cases  as  I  have  been  able 
to  find  accounts  of.  I  regret  that  my  description  must  in  many 
points  be  defective,  owing  to  the  condition  of  the  body  when 
the  anomaly  was  discovered. 

The  observation  was  made  during  the  past  winter  on  the  body 
of  an  aged  white  male.  (The  age  given  was  91.)  I  was  told 
that  there  was  a  case  in  the  dissecting-room  of  the  vena  cava 
on  the  left  of  the  aorta.  I  found  that  most  of  the  abdominal 
viscera,  and  among  them  the  liver,  had  been  removed.  The 
main  points  were  speedily  recognised :  namely,  that  the  inferior 
cava  within  the  pericardium  had  no  connection  with  what 
appeared  to  be  the  displaced  trunk  of  the  vein ;  but  that  the 
latter  entered  the  left  side  of  the  thorax  with  the  aorta. 
The  subject  was  removed  from  the  dissecting-room,  and  much 
time  and  trouble  was  devoted  to  the  injection  of  the  venous 
system  (the  arterial  was  already  injected)  by  Dr  Benjamin 
Tenney ;  but  so  much  injury  had  been  done  that  the  injection 
was  far  from  perfect.  A  dried  preparation  was  made  of  the 
specimen.  Three  photographs  were  taken  from  it  to  serve  as 
bases  for  the  illustrations. 

iThis  anomaly  has  generally  been  described  as  absence  of  the  inferior  cava  ;  but 
as  that  vessel  certainly  is  present  within  the  pericardium,  the  words  "  below  the 
diaphragm  "  do  not  seem  superfluous. 
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The  body  was  puny  and  ill-nourished.  The  heart,  before  it 
was  distended  by  the  venous  injection,  and  in  fact  the  whole 
vascular  system,  was  remarkably  small, — the  diameter  of  the 
aorta  just  below  the  diaphragm  being  2  cm.,  and  at  the  bifur- 
cation 1-5  cm.  The  small  size  of  the  veins  is,  however,  the 
most  striking  of  these  peculiarities.  The  descending  aorta 
occupies  throughout  its  normal  position,  dividing  opposite  the 
middle  of  the  4th  lumbar  vertebra,  a  little  to  the  left  of  the 
median  line.  The  union  of  the  iliac  veins  occurs  behind  the 
left  iliac  artery,  opposite  the  disc  below  the  4th  lumbar  vertebra, 
about  1*7  cm.  below  the  bifurcation  of  the  aorta.  Thus  the 
right  common  iliac  vein  does  not  accompany  its  artery  (fig.  1), 
The  resulting  trunk  follows  the  aorta  at  first  on  its  left,  but 
gradually  getting  further  back,  so  as  to  be  almost  behind  it 
when  the  two  pass  together  into  the  thorax.  After  this  the  vein 
is  somewhat  separated  from  the  aorta ;  but  this  very  probably 
is  the  result  of  distention  by  the  injection.  At  the  top  of  the 
9th  thoracic  vertebra  the  vein  passes  nearly  transversely  across, 
between  the  spine  and  the  aorta  to  the  median  line,  whence  it 
ascends  inclining  backwards  and  to  the  right  to  the  level  of  the 
top  of  the  5th  thoracic,  where  it  turns  forward  over  the  root 
of  the  right  lung,  and  ends  as  the  azygos,  in  the  superior 
cava. 

The  left  common  iliac  vein  has  a  maximum  diameter  of  8  mm., 
which  is  less  than  that  of  the  external,  and  much  less  than  that 
of  the  internal  iliac.  The  last  has  a  diameter  of  about  12  mm. 
The  ricrht  common  iliac  is  a  trifle  smaller  than  the  left.  It  is  of 
very  nearly  the  same  size  as  the  external.  The  right  internal 
iliac  is  a  very  small  vessel.  The  trunk  representing  the  cava  is 
little  larger  than  the  left  iliac.  In  its  lower  part  it  is  practically 
the  same.  On  its  appearance  in  the  right  half  of  the  thorax 
it  is  a  scant  1  cm.  Just  before  its  termination  it  has  a 
maximum  diameter  of  13  mm.  The  superior  vena  cava  is  also 
small.  Just  above  the  entrance  of  the  azygos  it  is  about 
11  mm. 

The  only  account  I  can  offer  of  the  intercostal  veins  is  a  very 
incomplete  one.  There  is  a  descending  branch  along  the  front 
of  the  spine  to  the  right  of  the  oesophagus,  which  probably  col- 
lects the  veins  from  the  2nd,  3rd,  4th,  5th,  and  6th  spaces  on  the 
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right,  concerning  the  termination  of  which  it  is  impossible  to 
say  anything  certain.^     It  probably  joined  the  main  vein  just 
after   it  passed  behind  the  aorta  to  the  right.     An  ascending 
branch  empties  into  it  from  below  at  this  point  (fig.  3).     It  has 
a  remnant  of  the  10th  intercostal,  and  there  is  a  hint  of  the 
point  of  entrance  of  the  9th.     This  ascending  branch  is  broken 
off  opposite  the  10th.     Left  intercostal  veins  enter  the  main 
vein  opposite  the  lower  four  thoracic  vertebrse.     Of  the  upper 
left  ones  nothing  is  known.     The  vessels  of  the  kidneys  are  as 
follows:  On  the  right,  an  artery  leaves  the  aorta  just  to  the 
right  of  the  origin  of   the  superior   mesenteric,  and  presently 
divides  into  three  branches,  of  which  the  lowest  is  much  the 
largest.     This   last   goes   to  the  kidney  at   about  the    middle, 
while   the  two  smaller  ones  go  to  the  top,  or  perhaps  to  the 
suprarenal  capsule.     Another  artery  leaves  the  aorta  about  2'5 
cm.  lower,  and  runs  straight  out  to  the  kidney,  which  it  enters  at 
the  hilum,  rather  below  the  middle.     The  renal  vein  leaves  the 
kidney  at  the  top  of  the  hilum  in  front  of  the  superior  artery, 
and  behind   the  inferior  one.     It  is  soon  joined  by  a  smaller 
branch  from  the  upper  part  of  the  kidney,  which  passes  in  front 
of  the  lower  branches  of  the  upper  renal  artery.     This  probably 
anastomosed   with   some  other   detached   veins.     This    system 
is  presumably  connected  with  the  broken  ascending  vein  already 
mentioned  that  opened  into  the  main  vein  after  it  had  entered 
the  right  chest.     The  renal  vein,  receiving  on  the  front  of  the 
spine  an  ascending  vein  (figs.  1  and  3),  that  shall  be  discussed 
later,  passes  behind  the  aorta,  opposite  the  upper  part  of  the  2nd 
lumbar  vertebra,  to  empty  into  the  main  trunk. 

On  the  left  the  renal  system  is  more  simple.  There  are  two 
arteries,  each  arising  nearly  opposite  its  fellow,  but  a  little 
lower.  The  upper  enters  the  kidney  at  the  top  of  the  hilum  in 
front  of  the  vein,  and  the  other  at  the  lower  end  of  the  hilum 
and  behind  the  vein.  The  renal  vein  joins  the  main  trunk  at  a 
higher  level  than  the  right  one.  It  is  formed  by  three  branches, 
uniting  just  before  its  end.  The  ureter  is  behind  the  vessels. 
The  ascending  lumbar  veins  on  the  left  (figs.  1  and  2)  are 
represented  by  a  single  long  trunk  running  along  the  pedicles 

1  In  fiff.  3  the  intercostals  appear  to  empty  into  the  azygos  ;  bnt  in  fact  the 
vessel  referred  to  is  hidden  by  it. 
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of  the  vertebne.  It  is  traced  below,  close  to  the  internal  iliac 
at  its  origin.  Though  a  junction  is  probable,  it  is  not  to  be 
demonstrated.  The  vein  is  lost  above  in  the  region  of  the 
kidney.  The  right  ascending  lumbar  vein  (figs.  1  and  3)  springs 
from  the  very  beginning  of  the  common  iliac,  to  ascend  in  front 
of  the  transverse  processes,  but  it  was  lost  at  the  lower  border 
of  the  2nd  lumbar.  A  small  vein  empties  into  the  left  renal 
on  the  front  of  the  spine.  It  forks  below  ;  one  branch  being 
lost  behind  the  right  iliac  artery,  the  other  on  the  front  of  the 
3rd  lumbar  vertebra,  very  near  the  system  of  the  ascending 
lumbar  vein.  It  is  possible  that  there  was  a  very  free  anasto- 
mosis along  the  right  of  the  spine,  which  took  up  the  lumbar 
veins  and  the  lower  intercostals. 

The  inferior  cava  (figs.  1  and  3)  begins  at  the  diaphragm,  and 
runs  to  the  right  auricle.  The  opening  through  the  diaphragm 
is  at  its  widest  rather  under  15  mm.  The  part  in  the  pericar- 
dium struck  me,  when  I  first  saw  it  before  injection,  as  very 
unusually  long.  After  injection,  the  measurements  are  of  no 
great  value.  The  anterior  free  border  is  about  1  cm.,  and  the 
posterior  somewhat  over  4  cm. 

This  condition  would  be  accounted  for,  according  to  Hoch- 
stetter's  researches,  as  follows  :  The  inferior  cava  above  the 
diaphragm  is  the  original  hepatic  vein,  formed  by  the  union  of 
the  vencc  hepaticce  revehentcs.  The  outshoot  from  this,  which 
should  have  extended  downward  a  little  to  the  right  of  the 
median  line,  and  ultimately  have  joined  the  right  cardinal,  pre- 
sumably was  never  developed.  Consequently  there  is  no  cava 
below  the  diaphragm.  A  system  of  anastomoses  has  brought  the 
iliac  veins  into  connection  with  the  left  posterior  cardinal  instead 
of  the  right  one.  The  upper  part  of  this  vein  has  undergone 
the  usual  atrophy,  the  trunk  being  continued  by  the  oblique  anas- 
tomosis, by  which  it  normally  connects  with  the  right  posterior 
cardinal,  the  upper  part  of  which  persists  as  usual.  How  much 
of  the  azygos  is  the  original  cardinal  I  am  not  prepared  to  dis- 
cuss. The  ascending  vein  opening  into  the  right  thorax  is  very 
suggestive  of  a  part  of  an  original  cardinal,  but  nothhig  final  can 
be  said  on  the  matter.  An  almost  precisely  similar  brancli  is 
seen  in  Gurlt's  figure.  The  injection  may  have  failed  at  this 
point,  but  probably  the  cardinal  is  normally  interrupted  in  this 
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region.  Such  is  the  opinion  of  Hochstetter ;  and  Minot  ^  has 
demonstrated  it  on  pig  embryos.  Whether  the  vein  running 
up  along  the  front  of  the  column  into  the  right  renal  is  a  part 
of  the  right  cardinal,  and  whether  its  diverging  branch  be  the 
right  spermatic,  are  questions  not  to  be  answered.  The  system 
of  loops  along  the  side  of  the  column  in  the  lumbar  region, 
connecting,  certainly  on  one  side,  and  probably  on  the  other, 
with  the  iliac  vein  just  at  the  beginning  of  the  internal  iliac,  is 
probably  a  secondary  series  of  anastomoses  between  the  original 
segmental  veins.  The  connection  with  the  iliacs  suggests 
naturally  the  lower  ends  of  the  cardinals  as  shown  in  all  dia- 
grams, but  Hochstetter  has  pointed  out,  against  Kerschner,  that 
this  line  of  vessels  is  pre-costal,  while  the  cardinals  are  pre- 
central.  I  may  further  remark  that  it  seems  far  from  certain 
that  the  iliacs  ever  were  the  original  terminations  of  the 
posterior  cardinals,  and  that  my  colleague  Professor  Minot 
considers  the  doubt  allowable. 

The  one  point  on  which  this  case  differs  from  all  others  yet 
described  is  the  small  size  of  the  anomalous  vein.  Krause 
alludes  to  the  vein  replacing  the  cava  as  materially  enlarged. 
In  all  illustrations  that  I  have  seen,  the  vein  is  as  large  or  larger 
than  the  aorta;  while  here  it  is  not  much  larger  than  the 
normal  azygos.  The  system  of  veins  at  the  back  of  the  abdomen 
does  not  seem  sufficient  for  the  extra  work,  which  possibly  was 
carried  on  by  the  plexuses  within  the  spinal  canal. 

A  study  of  the  instances  of  this  anomaly  show  that  there  is 
a  tolerably  simple  system  of  classification,  which  is  meant  to 
include  only  cases  of  absence  of  the  inferior  cava  below  the 
diaphragm.  First,  there  are  the  cases  of  persistence  of  both  the 
posterior  cardinals  ;  then,  those  of  the  persistence  of  one  of 
them.  This  one  is  almost  always  the  right  one.  Situs  inversus 
is  particularly  frequent  with  this  anomaly ;  and  it  must  be 
remembered  that  persistence  of  the  right  or  left  cardinal  with 
transposition  of  the  viscera  is  analogous  to  that  of  the  other, 
when  they  are  in  their  proper  places.  There  are  several  cases, 
like  this  one,  in  which  the  lower  part  of  the  left  posterioi 
cardinal  and  the  upper  part    of    the    right  one  are  preserved. 

1  "  On  the  Veins  of  the  Wolffian  bodies  in  the  Pig,"  Proc.  Boston  Soc.  Nat.  Hist., 
vol.  xxviii.  No.  10,  1898. 
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This  condition  is  duly  inverted  with  inversion  of  the  viscera ; 
but  there  is  no  record  of  the  converse  disposition,  either  with 
the  viscera  normal  or  transposed. 

A  not  uncommon  anomaly  is  the  persistence  of  what  is 
commonly  called  the  lower  part  of  each  cardinal  as  high  or 
higher  than  the  renal  veins,  which  may  open  each  into  its  own 
iliac,  or  the  union  of  all  in  the  cava  inferior  may  occur  at  about 
the  same  place.  Now  this  condition  may  occur  in  cases  of 
absence  of  the  inferior  cava.  Thus  in  all  the  above  groups  in 
which  the  veins  of  two  sides  unite,  i.e.,  in  all  but  the  first,  we 
may  make  a  further  subdivision  into  those  in  which  the  iliac 
veins  unite  at  about  the  usual  place,  and  into  those  in  which 
they  join  at  about  the  level  of  the  renal  veins.  In  these  cases 
of  high  union  there  is  often  a  dilatation,  or  a  plexiform  arrange- 
ment at  the  point  of  junction.  A  similar  enlargement  is  some- 
times seen  at  the  level  of  the  renals,  though  the  iliacs  have 
united  at  the  usual  place.  All  observed  cases  can,  I  believe, 
be  fitted  into  some  of  the  following  groups. 

I.  Persistence  of  both  cardinal  veins  throughout. 
IT.  Persistence  of  right  cardinal  vein,  the  iliacs  uniting  at 
the  usual  place. 

IIa.  The  same  transposed  in  situs  inversus. 

III,  Persistence  of  the  right  cardinal  vein  with  high  union 
of  the  iliacs. 

IIIa.  The  same  transposed  in  situs  inversus. 

IV.  Persistence  of  the  left  cardinal  vein,  the  iliacs  uniting 
at  about  the  usual  place. 

IVa.  Persistence  of  the  right  cardinal  vein  in  situs  inversus. 
V.  Persistence  of  the  lower  part  of  the  left  and  the  upper 
part  of  the  right  posterior  cardinal  with  tlie  iliacs  uniting  at 
about  the  usual  place. 

Va.  Tlie  same  transposed  in  situs  inversus. 
VI.  Persistence  of  the  lower  part  of  the  left  and  the  upper 
part  of  the  right  posterior  cardinal,  with  high  union  of  the  iliac 
veins. 

The  best  synopsis  of  the  literature  is  that  by  Krause  in  the 
third  volume  of  Henle's  Anatomy,  but  it  is  now  antiquated. 
Good  lists  are  given  both  by  Kollmann  and  by  Ilochstetter  ;  but 
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as  they  have  other  anomalies  of  the  abdomiual  veins,  the  papers 
concerning  this  condition  have  to  be  sorted  out.  It  has  seemed 
to  me  that  it  would  be  a  good  work  to  attempt  a  general  review 
of  the  literature  of  the  absence  of  the  inferior  cava  below  the 
diaphragm.  I  shall  give  the  briefest  possible  statement  of  each 
case.  In  the  list  at  the  end,  the  cases  that  I  have  taken  from 
the  original  reports  are  marked  by  a  star,  and  I  state  what  is 
my  authority  for  my  account  of  the  others.  I  cannot  hope  that 
my  list  is  a  complete  one,  for  the  work  presents  great  difficulties. 
My  course  in  placing  certain  cases  as  I  have  is  open  to  dis- 
cussion, for  often  all  the  facts  are  not  stated.  In  all  these  cases, 
excepting  those  of  Hyrtl,  of  which  I  know  nothing,  it  is  to  be 
understood  that  the  hepatic  veins  formed  an  inferior  cava  above 
the  diaphragm. 


Geoup  I. 
Cases  of  persistence  of  both  posterior  cardinals. 

Three  by  Hyrtl. — All  anencephalous  foetuses,  in  which  both 
posterior  cardinals  persisted.  Certain  other  peculiarities  are 
mentioned;  but  one  gets  no  idea  of  the  value  of  the  cases. 

Martin. — A  male  child  at  term.  There  were  cysts  that  do 
not  concern  us.  The  anatomical  description  of  the  veins  is  by 
V.  Eecklinghausen.  The  iliac  veins  were  very  large.  They 
united  on  the  right  to  form  a  trunk  that  ascended  in  the  place 
of  the  cava,  receiving  the  right  renal  vein.  It  entered  the 
thorax  as  the  azygos,  and  ended  at  the  junction  of  the  right 
jugular  and  subclavian  veins  to  form  the  superior  cava,  which 
received  the  left  iugular  vein.  A  laree  trunk  ascending  from 
the  left  iliac  received  the  left  renal  and  continued  into  the  left 
chest,  whence  it  issued  over  the  first  rib  to  end  in  the  left  sub- 
clavian. The  vessel  formed  by  their  union  ran  across  the  left 
auricle,  round  the  heart,  to  empty  into  the  right  auricle  with  the 
inferior  cava,  which  was  formed  solely  by  the  hepatic  veins.  It 
seems  plausible  to  consider  the  vein  connecting  the  left  sub- 
clavian with  the  heart  as  the  left  duct  of  Cuvier.  Hochstetter 
treats  this  case  with  great  reserve,  and  ignores  those  of  Hyrtl 
entirely. 
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Group  II. 

Persistence  of  the  right  cardinal  vein,  the  iliacs  uniting  at 

the  usual  place. 

Ahernethy. — Infant  of  10  months.  Heart  transposed,  but 
viscera  apparently  not.  Eight  cardinal  persisted.  The  portal 
opened  into  it,  at  the  level  of  the  renals. 

Carpentier  et  Bertaux. — Observed  on  the  body  of  a  man  aged 
37.  The  right  cardinal  persisted,  and  presented  a  great 
enlargement  at  the  entrance  of  the  renals.  The  hepatic  veins 
left  the  liver  in  one  group  of  three  and  another  of  two,  which 
united  into  one  vein  going  to  the  right  auricle. 

Horner. — Male  aged  5.  Persistence  of  right  cardinal.  There 
was  a  dilatation  below  the  renals,  which  were  themselves 
dilated.  The  hepatic  veins  opened  into  the  right  auricle,  the 
risfht  one  alone,  the  middle  and  left  one  as  a  trunk. 

Horner  gave  the  specimen  to  Wistar  for  his  museum.  It  is 
the  case  sometimes  attributed  to  the  latter. 

^  (?)  Cnwcilhier. — Sex  and  age  not  given.  It  is  perfectly 
clear  from  the  context  that  he  once  uses  "  left "  for  "  right," 
and  the  suspicion  therefore  arises  that  he  may  have  done  so 
twice.  There  is  thus  great  uncertainty  as  to  where  this  case 
belongs.  He  stated  that  the  vessel  was  on  the  right  of  the 
aorta,  in  its  normal  place.  It,  however,  passed  through  the 
diaphragm  with  the  aorta.  Later,  it  put  itself  behind  the 
aorta  and  the  oesophagus  (as  it  was  already  on  the  right,  this 
seems  unlikely),  and  at  the  level  of  the  6th  dorsal  it  ran 
almost  horizontally  to  the  right,  then  upwards,  and  turned 
over  the  left  bronchus  like  an  azygos.  Later,  he  says  there  was 
a  large  venous  arch  on  the  right,  as  there  was  a  large  arterial  on 
the  left.  It  is  clear  that  he  meant  to  say  that  the  vein  turned 
over  the  right  bronchus.  In  spite  of  his  statement  that  the 
vein  at  the  beginning  was  on  the  right  of  the  aorta,  in  its 
normal  position,  which  I  admit  is  hard  to  get  round,  I  have 
been  strongly  inclined  to  put  the  case  in  Group  V.,  which 
would  account  for  the  deviation  of  the  vein  behind  the  aorta, 
previous  to  its  sudden  turn  to  the  right. 

'  A  question  mark  implies  that  the  classification  of  the  case  may  be  questioned. 
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Paidus. — Girl  of  17.     An  enlarged  right  cardinal. 
-  (?)  Tourneux  et  Wertheimer. — A  monstrous  foetus  of  about  8 
months.     A  very  imperfect  account,  to  the  effect  that  an  azygos 
took  the  place  of  an  inferior  cava. 

(?)  Wertheimer. — A  similar  case  in  an  acephalic  monster. 

Kloh. — An  enlarged  right  cardinal. 

Group  IIa. 
The  same  transposed  in  situs  inversus. 
Bujalsky. — (An  imperfectly  reported  case  in  Kussian.) 

Group  III. 

Persistence  of  the  right  cardinal  vein,  with  high  union  of 

the  iliacs. 

Hoclistdfer. — Case  I.     Adult  male,  with  other  anomalies. 

The  right  cardinal  persisted,  receiving  the  right  renal.  The 
left  renal  opened  into  a  stem  beginning  with  the  third  lumbar 
vein,  which  passed  behind  the  renal  artery  to  the  right  cardinal. 

Group  I  IIa. 

The  same  transposed  in  situs  inversus. 

M'Whinnic. — A  fat  woman  aet.  25.  Probably  complete 
situs  inversus.  The  iliac  veins  united  at  the  level  of  the  1st 
lumbar.  The  resulting  vessel  entered  the  chest  to  the  left  of 
the  aorta.  These  vessels  arched  symmetrically  over  the  roots 
of  the  left  and  right  lungs  respectively.  Judging  from  the 
illustration,  it  seems  that  the  right  iliac  and  renal  veins  crossed 
in  front  of  the  aorta. 

Group  IV. 

Persistence  of  the  left   cardinal  vein,  the  iliacs   uniting 
at  about  the  usual  place. 

Dorsch. — A  very  remarkable  case.  A  woman  of  77.  The  iliac 
veins  united  at  the  normal  height,  but  on  the  left  of  the  aorta 
to  form  a  vein  which  ascended  on  the  left  of  that  artery  to 
about  2  cm.  below  the  origin  of  the  left  subclavian  artery,  when 
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the  vein  arched  forward  and  downward  over  the  aorta  and  the 
root  of  the  left  lung,  to  join  the  superior  cava.  The  latter, 
formed  by  the  union  of  the  innominate  veins,  was  situated  on 
the  left.  This  vein,  after  receiving  the  left  cardinal,  ran  within 
the  pericardium  across  the  top  of  the  heart  and  the  back  of  the 
left  auricle,  to  enter  the  right  auricle  close  by  the  septum. 
Three  hepatic  veins  uniting  into  one  before  entering  the  right 
auricle :  the  right  ovarian  vein  ran  to  the  renal ;  the  left 
to  the  left  cardinal.  It  is  said,  in  the  abstract,  taken  from 
Schmidfs  Jahrhucher,  that  the  azygos  (on  the  right)  probably 
emptied  into  the  hepatic  veins,  but  I  am  quite  at  a  loss  for 
the  grounds  of  this  supposition.  There  is  a  strong  suggestion 
of  the  persistence  of  the  left  duct  of  Cuvier,  but  it  is  stated 
that  the  right  auricle  received  also  the  coronary  vein. 

Group  IVa. 
The  same  transposed  in  situs  inversus. 

Moser. — The  vessel  is  said  to  have  run  in  the  place  of  the 
non-transposed  right  cardinal  vein. 

Group  V. 

Persistence  of  the  lower  part  of  the  left  and  the  upper  part 
of  the  right  posterior  cardinal,  with  the  iliacs  uniting  at 
about  the  usual  place. 

The  present  case  belongs  in  this  group. 

(?)  Jejfray. — This  case,  said  to  belong  to  Jeff  ray  of  Glasgow, 
is  casually  described  by  Otto.  The  union  of  the  iliac  veins  is 
not  high,  but  just  how  low  is  not  stated.  (Quain  says  "  at  the 
usual  level,"  but  his  authority  is  not  clear.)  The  arrangement 
of  the  veins  is  said  to  be  much  like  this,  but  there  was  a  large 
hemiazygos  opening  into  the  left  innominate.  The  accounts 
of  this  are  unsatisfactory.  If  this  hemiazygos  be  the  chief 
vein,  the  case  belongs  to  another  group. 

Hochstetter. — Case  11.  is  the  same  in  the  main ;  but  there 
was  a  great  dilatation  in  the  left  cardinal  at  about  the  entrance 
of  the  left  renal,  and  the  right  renal  passed  by  itself  through 
the  diaphragm  before  joining  it. 
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Group  Va. 

The  same  transposed  in  situs  inversus. 

Hcrholdt. — Iliac  veins  united  to  form  trunk  on  right  of  aorta, 
which  in  the  thorax  passed  to  the  left  and  ended  in  the  trans- 
posed superior  cava. 

GrROUP  VI. 

Persistence  of  the  lower  part  of  the  left  and  the  upper  part 
of  the  right  posterior  cardinal,  with  high  union-  of  the 
iliac  veins. 

Gurlt. — Each  common  iliac  vein  received  its  own  renal,  after 
which  they  joined  on  the  left  of  the  aorta,  later  in  the  thorax 
the  vein  passed  to  the  right  end  in  the  superior  cava. 

Kollmann. — The  iliacs  united  at  the  junction  of  the  renals  in 
a  great  plexus  of  large  veins.  The  resulting  trunk,  at  first  on 
the  left,  ran  like  the  preceding.  (I  have  not  found  any 
instances  of  the  reversal  of  this  condition  in  situs  inversus.) 

There  is  quite  a  family  likeness  in  the  minor  details  of  this 
collection  of  anomalies,  putting  aside  Hyrtl's  and  Martin's. 
The  latter,  however,  should  be  compared  with  that  of  Dorsch, 
inasmuch  as  both  may  possibly  have  the  left  duct  of  Cuvier 
still  persisting.  With  the  exception  of  these  cases,  the  upper 
part  of  the  right  posterior  cardinal  which  forms  the  azygos  (or 
the  left  in  inversion)  is  normal.  This  is  not  to  be  wondered  at, 
as  there  is  no  reason  why  an  arrest  of  development  of  a  tribu- 
tary of  the  hepatic  veins  should  disturb  the  upper  part  of  the 
posterior  cardinals.  What  is  more  remarkable  is  the  compara- 
tive frequency  of  the  persistence  of  the  lower  part  of  the  left 
cardinal,  and  the  branch  crossing  to  the  right.  The  explana- 
tion is  perhaps  to  be  found  in  the  tendency  to  break  down  of 
the  middle  part  of  the  cardinal  veins  occurring  on  the  right 
below  and  on  the  left  above  the  oblique  anastomosis  between 
them  which  normally  constitutes  ihe  azygos  minor.  It  is  un- 
likely, however,  that  the  interruption  on  the  left  occurs  so  high. 
A  more  probable  explanation  is  the  tendency  in  the  organism 
to  retain  this  feature  of  the  normal  arrangement.  I  have  come 
across  the  account  of  one  case  which  does  not  quite  enter  this 
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category,  but  which  seems  to  be  a  step  between  it  and  the 
normal  arrangement,  and  which,  I  think,  strengthens  this  theory. 
It  is  reported  by  Bastien,^  and  seems  to  have  escaped  notice.     In 
a  foetus  at  term,  in  which  there  is  no  mention  of  other  anom- 
alies, the  common  iliacs  united  at  the  proper  place  to  form  the 
vena  cava,  which  ascended  on  the  right  of  the  aorta  to  its  usual 
termination,  receiving  the  right  renal  on  its  way.     A  vein  from 
the  left  common  iliac,  and  of  about  the  same  size,  passed  under 
the  left  common  iliac  artery,  and  ascended  along  the  left  of  the 
aorta,  receiving  the  left  renal  vein,  and  becoming  a  large  vessel. 
It  pierced  the  pillar  of  the  diaphragm  somewhat  earlier  than 
the  aorta,  and  then  passed  behind  the  aorta  to  ascend  in  the 
right  chest  on  its  right,  and  behind  the  vena  cava.     Its  termina- 
tion was  that  of  the  azygos.     This  seems  really  to  be  a  case  of 
persistence  of  the  posterior  parts  of   both  posterior  cardinals, 
the  inferior  cava  having  been  formed  in  the  usual  way,  but 
without  the   shifting  to  it   of   the  left  renal  vein.     Had  the 
tributary  of  the  hepatic  which  forms  the  cava  been  wanting,  the 
arrangement  would  have  been  that  of  the  present  case. 

The  great  system  of  anastomoses  which  appears  to  accom- 
pany the  development  of  the  renal  veins  accounts  for  the 
plexuses  and  the  dilatations,  doubtless  the  sequels  of  plexuses, 
which  are  seen  so  often  when  there  is  high  union  of  the  ihac 
veins.  Sometimes  a  dilatation  is  found  at  this  spot  when  the 
iliacs  unite  at  the  usual  place.  Almost  invariably  in  these 
cases  the  renal  vein  which  crosses  the  median  line  passes  behind 
the  aorta. 

Of  the  above  23  cases,  including  mine,  of  absence  of  the 
inferior  cava  below  the  diaphragm,  only  6  are  stated  to  have 
been  observed  in  foetuses,  and  1  (Abernethy's)  on  an  infant  under 
a  year.  In  most  of  these  cases  there  were  conditions  that  made 
life  impossible.  Possibly  some  of  the  others,  of  which  I  have 
not  seen  the  original  account,  may  have  been  of  the  same  age, 
but  it  is  clear  that  this  anomaly  does  not  of  itself  interfere  with 
life.  Dorsch's  case  and  mine  both  reached  advanced  age,  which 
in  the  latter  is  the  more  remarkable  on  account  of  the  small 
size  of  the  vessels  and  particularly  of  the  anomalous  vein,  which 
latter  is  an  unique  observation. 

'  Gazette  MMcmIc  dc  Paris,  1860,  p.  90. 
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There  are  several  cases  of  obliteration  of  the  inferior  cava. 
A  particularly  interesting  one  is  that  of  Osier. ^  A  cut  vein 
from  the  left  renal  was  in  all  probability  an  enlarged  hemi- 
azygos. I  cannot  doubt  that  there  was  a  congenital  narrowness 
of  the  cava,  supposing  it  ever  to  have  been  pervious.  Even  if 
we  admit  that,  in  all  the  cases  of  obliteration,  the  vein  was  once 
pervious,  it  seems  very  reasonable  to  believe  that  there  was  at 
least  some  approach  to  the  condition  recorded  in  this  paper. 

I  have  to  thank  my  colleagues  Dr  Minot  and  Dr  Dexter  for 
having  put  at  my  service  many  series  of  sections  through  young 
embryos  of  the  pig,  raljbit,  and  cat. 


Notes  on  the  Figures. 

A  large  part  of  the  diaphragm  was  stitched  to  a  bent  wire  with  its 
ends  fastened  in  the  vertebral  column.  A.  window  was  cut  in  the 
diaphragm  under  the  heart  (fig.  1)  to  show  the  inferior  cava  above  the 
diaphragm.  It  is  seen  also  in  fig.  3.  The  right  ascending  lumbar 
vein  is  hidden  in  fig.  1  by  the  column,  and  its  lower  part  in  fig.  3  by 
the  ilium.  The  upper  right  intercostal  veins  shown  in  fig.  3  open  into 
a  vessel  behind  the  azygos. 
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THE  STEENUM:  ITS  EAKLY  DEVELOPMENT  AND 
OSSIFICATION  IN  MAN  AND  MAMMALS^  {Pre- 
liminary Communication).  By  Professor  Pateeson,  Liver- 
pool.    (Plates  II.,  III.) 

In  the  following  pages  the  record  is  given  of  some  recent  obser- 
vations upon  the  early  development  and  ossification  of  the 
sternum  in  man  and  certain  mammals  (chiefly  rodents).  The 
morphological  problems  associated  with  the  anatomy  and  develop- 
ment of  this  bone  are  so  numerous  and  important,  that  it  has 
seemed  desirable  to  make,  ^n  the  first  place,  a  brief  statement 
of  certain  facts  of  development,  so  as  to  clear  the  way  for  future 
discussion  and  consideration  of  the  more  general  anatomical 
questions  in  which  the  sternum  is  implicated. 

I.  Early  Development. 

The  following  observations  upon  the  early  development  of  the 
sternum  were  made  on  rat  and  human  embryos. 

{a)  In  a  series  of  continuous  sagittal  sections  through  a  human 
embryo  in  the  second  month,  prepared  and  placed  at  my  dis- 
posal by  Professor  Paul,  the  first  anlage  of  the  sternum  (fig.  1) 
is  to  be  seen  as  a  dense  conglomeration  of  mesoblastic  cells, 
occupj'ing  the  anterior  part  of  the  thoracic  wall  in  the  middle 
line,  and  tapering  off  posteriorly:  disappearing  as  a  separate 
structure  about  the  middle  in  length  of  the  thoracic  wall. 

There  is  no  indication  of  any  bilateral  arrangement  of  this 
cellular  tissue.  The  inner  end  of  the  clavicle  and  the  costal 
cartilages  are  composed  of  cartilage.  The  first  three  costal 
cartilages  join  the  cellular  median  sternum ;  the  fourth  and  fifth 
cartilages  join  those  above  them;  the  sixth  and  seventh  have 
free  pointed  ends. 

In  rat  embryos  of  9  mm.  in  length,  a  very  similar  condition 

is  found  (figs.  2,  3,  4).     In  the  angle  between  the  jaw  and  the 

thoracic    wall   (preecervical   sinus)   there    is   a   conglomeration 

in   the  middle  line    of    mesoblastic    cellular    tissue ;    traceable 

^  Read  at  the  Manchester  meeting  of  the  Anatomical  Society  of  Great  Britain 
and  Ireland,  1900. 
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laterally  into  association  with  the  shoulder  girdle,  and  con- 
cerned with  the  formation  of  the  clavicles ;  thinning  off  as  it 
passes  backwards  in  the  thoracic  wall  on  the  ventral  aspect  of 
the  bulging  heart. 

At  this  stage  this  cellular  mass  is  not  connected  with  any 
of  the  costal  cartilages,  which  are  extending  in  a  ventral  direc- 
tion, and  ending  distally  in  tapering  points  (fig.  4).  There  is, 
moreover,  no  indication  of  bilateral  subdivision  of  the  mass, 
except  at  its  cephalic  end ;  there  the  cells  are  consolidated  into 
two  horns,  which  are  concerned  with  the  formation  of  the 
clavicles  and  stern o-clavicular  articulations,  and  with  the  an- 
terior parts  of  the  pre-sternum. 

(b)  In  rat  embryos,  10  mm.  in  length,  an  advance  in  develop- 
ment has  occurred  (figs.  5-8).  The  sternum  is  still  cellular.  The 
pre-sternum  is  single  and  median  (fig.  9),  and  at  its  cephalic 
end  the  component  cells  are  more  distinctly  massed  together 
on  each  side  to  produce  the  sterno-clavicular  joints,  and  the 
inner  ends  of  the  clavicles.  The  cellular  meso-sternum  (figs. 
10-12)  consists  of  two  definitely  separate  strands  of  mesoblastic 
cells,  which  are  separated  in  the  middle  line  by  a  layer  of 
sparser  and  more  loosely  arranged  cells.  The  cellular  sternum 
is  now  joined  by  the  first  six  costal  cartilages  (the  seventh 
is  still  separate  on  each  side),  but  there  is  an  obvious  distinc- 
tion in  the  character  of  the  cells  composing  sternum  and  costal 
cartilages  (figs.  11,  12).  The  eighth  costal  cartilages  are  not  in 
any  way  related  to  the  sternum,  and  there  is  no  indication 
of  a  meta-sternum. 

In  rat  embryos,  13  mm.  in  length,  the  process  of  develop- 
ment has  perceptibly  advanced.  Though  the  sternum  is  still 
cellular,  and  not  yet  converted  into  cartilage,  the  median 
separation  between  the  two  halves  of  the  meso-sternum  has 
disappeared,  and  the  meso-sternum  consists  of  a  single  median 
band  of  cellular  tissue  (fig.  14).  The  meta-sternum  (fig.  15) 
has  appeared  ;  cellular  in  character,  and  tapering  off  in  the 
angle  between  the  chest  wall  and  the  diaphragm.  The  clavicle 
in  its  outer  part  is  undergoing  ossification,  and  its  inner  end  is 
cartilaginous.  It  is  clearly  demarcated  from  the  pre-sternum, 
although  no  joint  cavity  has  yet  appeared  in  the  sterno-clavicular 
articulation  (fig.  13).     All  tlie  seven  costal  cartilages  are  now 
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connected  with  the  sternum ;  but  there  is  still  an  obvious 
distinction  between  the  character  of  the  tissues  composing 
the  sternum  on  the  one  hand  and  the  costal  cartilages  on  the 
other  (fig.  16). 

(c)  The  third  stage  in  the  development  of  the  sternum  is 
associated  with  the  conversion  of  its  cellular  tissue  into 
cartilage, — at  first  cellular,  afterwards  hyaline.  The  process 
begins  in  the  pre-sternum  in  the  upper  lateral  angles,  along 
with  the  formation  of  the  clavicle  (fig.  11).  In  the  meso- 
sternum,  cartilage  cells  first  appear  at  the  periphery  of  the 
band,  in  the  intervals  between  the  attachments  of  the  costal 
cartilages  (fig.  16).  The  parts  of  the  sternum  opposite  the  costal 
attachments  I'emain  longest  in  a  cellular  condition.  In  the 
meta-sternum,  cartilage  formation  begins  at  the  anterior  end. 

Ultimately  the  sternum  is  laid  down — a  model  of  the  future 
bone — as  a  simple  median  band  of  hyaline  cartilage,  separated 
at  this  stage  from  the  clavicles  by  cellular  connective  tissue, 
but  in  complete  fusion  with  the  costal  cartilages  on  each  side, 
and  presenting  absolutely  no  differentiation  of  its  component 
parts. 

Three  human  sterna  of  the  third  month,  measuring  respec- 
tively 8,  9,  and  10  mm.,  show  clearly  this  condition  (figs.  17,  18, 
19).  The  demarcation  of  sternal  elements  and  of  costal  carti- 
lages is  shown  in  the  special  arrangements  of  the  cartilage  cells  in 
lines,  along  which,  later  on,  the  joint  cavities  will  be  formed.  In 
all  three  sterna  the  sterno-clavicular  joint  is  completely  formed, 
with  its  inter-articular  fibro-cartilage.  But  in  only  one  case  is 
there  a  definite  costo-sternal  joint  cavity  (between  the  meso- 
sternum  and  the  right  second  costal  cartilage)  (fig.  18).^ 

(d)  The  further  changes  in  the  cartilaginous  sternum  preced- 
ing ossification  occur  in  rodents  (rat,  mouse)  without  cleavage 
of  the  parts  of  the  sternum  or  separation  of  costal  cartilages. 
Opposite  to  the  costal  attachments  the  cartilage  is  distinctly 
hyaline,  poorer  in  cells,  and  stained  less  deeply  than  in  the 
intervals  between  the  costal  cartilages.  In  these  intervals  the 
cells   are   massed    together,   stain   deeply,  and   the  process  of 

'  Figures  19  (A-J)  show  the  existence  of  a  sternal  foramen.  In  several 
sections  it  presented  the  appearance  of  fissura  sterni.  The  perforation  contained 
vessels,  one  of  which  was  of  considerable  size.  — 
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ossification  is  foreshadowed  by  the  formation  of  "  primary 
areolte,"  which  occur  in  the  centre  of  the  pre-sternum,  in  the 
meta-sternum,  and  in  the  first  four  so-called  segments  of  the 
meso-sternum  (figs.  20,  21,  22). 

These  areolae  increase  in  size,  while  at  the  same  time  the 
perichondrium  becomes  enormously  thickened,  followed  by  the 
formation  of  periosteal  temporary  bone  in  the  usual  way  (fig.  22). 

Thus  at  birth  (in  the  mouse,  fig.  23),  while  there  is  complete 
fusion  of  the  sternal  elements  together,  and  of  the  costal 
cartilages  with  them,  there  is  a  distinct  differentiation  of 
elements  entering  into  the  constitution  of  the  sternum.  Bone 
formation  has  begun,  and  cartihige  only  exists  at  the  extremities 
of  the  pre-sternum  and  meta-sternum,  in  the  meso-sternum 
opposite  the  costal  attachments,  and  in  the  interval  between  the 
attachments  of  the  sixth  and  seventh  costal  cartilages  (fig.  24). 


II.  Ossification. 

The  following  facts  have  been  derived  from  an  examination 
of  236  sterna  of  human  embryos  between  the  foetal  ages  of  three 
to  nine  months. 

(A)  Dates  of  ossification. — The  approximate  periods  of  ossi- 
fication in  the  component  parts  of  the  sternum  are  shown  in  Table 
I.,  which  essentially  corroborates  the  accepted  account  of  the 

Table  I. — Ossification  of  the  Sternum  {percentages). 


Centre  Present. 

Centre 

Absent. 

o 

o 

a  « 
so 

Average 
length. 

S 
s 
c 

en 

Meso-sternum. 

s 

e-stemum. 

Meso-sternum. 

g* 

3 

i 

1st 

2iul      3rd 

4th 

1st 

2nd 

3rd 

4th 

PM 

^ 

«^ 

mm. 

IX. 

122 

64-4  1 

9fi-7 

99-2 

99-2 

83-3 

29 

8-1 

3-3 

•8 

•8 

16-6 

71 

91-8 

VIII. 

21 

52  3 

81 

81 

76-2 

47-6 

9-5 

14-3 

1   19 

19 

23-8 

52-3 

90-5 

85-7 

VII. 

16 

49-1 

93-3 

87-5 

87-5 

62-5 

37-5 

12-5 

6-6 

12-0 

12-5 

37-5 

62-5 

87-5 

VI. 

31 

40-7 

80-6 

83-8 

77-4 

54-8 

C-4 

0 

19-3 

16-1 

22-5 

45-1 

93-.'') 

100 

V. 

24 

36-5 

62-5 

66-6 

41-6 

12-5 

4-1 

0 

37-5 

33-3 

58-3 

87-5 

9.''.-8 

100 

IV. 

13 

29-6 

15-3 

23 

15-3 

7-7 

7-7 

0 

84-6 

77 

84-6 

92-3 

92-3 

100 

III. 

9 

23-9 

2-2 

2-2 

2-2 

1-1 

0 

0 

77-7 

77-7 

77-7 

88-8 

100 

100 
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dates  at  which  the  several  centres  appear.  The  first  nuclei 
appear  generally  in  the  sixth  month  for  the  pre-sternum  and 
the  first  piece  of  the  meso-sternum.  In  the  seventh  month 
centres  appear  for  the  second  and  third  pieces  of  the  meso- 
sternum.  No  further  addition  to  the  number  of  centres  occurs 
during  the  eighth  and  ninth  months ;  and  in  full-time  foetuses 
(of  which  122  examples  were  examined)  the  fourth  piece  of  the 
meso-sternum  and  the  meta-sternum  are  usually  cartilaginous. 

(B)  Position  and  number  of  centres  of  ussification. — In  Table 
II.  a  summary  is  given  of  the  situation  and  number  of  centres 
of  ossification  in  the  component  parts  of  the  sternum.  A  more 
intimate  analysis  did  not  appear  necessary ;  and  for  the  sake  of 
brevity  and  clearness,  reference  has  been  omitted  to  the 
separation  or  fusion  of  double  centres,  and  to  obliquity  in  their 
position  (such  oblique  double  nodules  being  grouped  as  lateral). 
The  results  tabulated,  it  should  be  noted,  are  reached  from  an 
examination  of  specimens  of  which  the  large  majority  are  full- 
time  foetuses.  The  cases  of  younger  sterna  are  not  only  fewer 
in  number,  but  are  also  less  advanced  in  ossification. 

While  there  is  considerable  variability  both  in  number  and 
position,  the  centres  of  ossification  are,  as  a  general  rule,  single 
and  median,  and  are  six  in  number ;  one  for  the  pre-sternum, 
one  each  for  the  first  four  elements  of  the  meso-sternum,  and 
one  for  the  meta-sternum.  Exceptions  to  this  rule  are  found  in 
all  situations  except  in  the  meta-sternum,  which  in  the  few 
cases  in  which  bone  formation  has  begun,  is  invariably  provided 
with  a  single  median  centre. 

The  pre-sternum  is  generally  formed  by  a  single  centre  (79 
per  cent.).  When  there  are  two  centres,  they  are  generally 
vertically  placed.  Three  or  more  centres  occur  quite  rarely 
(2*6  per  cent.). 

The  first  centre  for  the  meso-sternum  is,  as  a  rule,  also  single 
(78-5  per  cent.) ;  when  there  are  two,  they  are  usually  laterally 
placed.  The  second  and  third  centres  of  the  meso-sternum  are 
less  frequently  single  than  the  above-named  centres  (59'3  per 
cent. :  60-5  per  cent.).  When  there  are  two  centres,  they  are 
in  most  cases  laterally  placed.  The  fourth  centre  in  the  meso- 
sternum  is  not  generally  present.  When  it  occurs  it  is  nearly 
as  often  double  as  single ;  and  when  two  centres  are  present, 
they  are  as  often  vertical  as  lateral  in  position. 
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The  part  of  the  sternum  between  the  attachments  of  the  sixth 
and  seventh  costal  cartilages  is  cartilaginous  at  birth,  and  the 
question  of  its  ossification  is  deferred  for  the  present.  It 
appears  that  it  may  be  ossified  by  extension  from  the  fourth 
piece,  though  there  is  reason  for  believing  that  in  some  cases  at 
least  it  may  possess  a  separate  and  independent  centre. 

(C)  Fissures :  Grooves  :  Foramina. — One  remarkable  negative 
feature  characterises  the  series  of  foetal  sterna  examined.  In 
all  there  is  a  complete  median  plate  of  cartilage,  grooved  it  may 
be  on  one  or  both  sides,  perforated  in  some  instances  by  one  or 
more  holes,  but  in  no  single  instance  is  there  a  fissura  sterni. 
A  longitudinal  groove  (Table  III.)  is  characteristic  of  the  foetal 

Table  III. — Grooves. 


Months. 

Cases. 

Present. 

Absent. 

Per  Cent. 

Present. 

Absent. 

IX. 

VIII. 

VII. 

VI. 

V. 

IV 

III. 

113 
17 
16 
30 
24 
13 
9 

75 
6 
13 
24 
19 
13 
8 

38 
11 
3 
6 
5 
0 
1 

66-3 
35-2 

81-2 
80-0 
79-1 
100 
88-8 

33-6 
64-7 

18-7 
20-0 
20-8 

11-1 

Total 

222 

158 

64 

70-1 

29-0 

meso-sternum,  occurring  in  158  out  of  222  examples,  or  70'1  per 
cent.,  a  proportion  which  obtains  generally  for  all  ages.  It  may 
be  faint  or  obvious ;  it  may  be  found  on  one  or  both  aspects  of 
the  meso-sternum,  and  implicate  it  in  the  whole  or  part  of  its 
length,  but  it  never  appears  in  the  pre-sternum.  This  grooving 
of  the  meso-sternum  is  probably  associated  with  the  method  of 
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early  development  of  the  cartilage,  l3ut  it  is  at  the  same  time 
plain  that  it  is  not  necessarily  coincident  with  a  bilateral  ossifi- 
cation of  the  meso-sternum. 

Sternal  foramina  (Table  IV.)  occur  only  occasionally  (in  72 
out  of  236  cases,  or  30-5  per  cent.).  The  number  and  situation 
of  the  perforations  are  as  follows  : — 

One  foramen  in  the  meta-sternum 
Two  foramina  in  the  meta-sternum 
One  foramen  in  the  meso-sternum 
Two  or  more  foramina  (in  the  meso-sternum 
and  meta-sternum)     .... 

72       ...       30-5 

The  great  majority  thus  occur  singly  in  the  meta-sternum,  and 
the  pre-sternum  is  never  perforated.  From  an  examination 
of  a  human  embryonic  sternum  9  mm.  in  length  (third  month) 
(fig.  19),  one  is  led  to  believe  that  the  perforation  is  due  to  the 
persistence  of  vessels,  preventing  the  conversion  of  the  embry- 
onic connective  tissue  into  cartilage  in  the  middle  line. 

Like  the  grooves,  these  foramina  are  not  improbably  causally 
associated  with  the  mode  of  early  development  of  the  sternum, 
and  it  is  therefore  noteworthy  that  neither  grooves  nor  foramina 
occur  in  the  pre-sternum. 

(D)  Union  of  sternal  elements  and  costal  cartilages. — An 
examination  of  the  mode  of  union  of  the  parts  of  the  sternum 
with  one  another  and  with  the  costal  cartilages  brings  out  the 
fact  that  the  connections  are  much  the  same  in  the  earlier  and 
later  months  of  foetal  life  (Table  V.). 

The  pre-sternum  and  meso-sternum  are  usually  connected 
together  by  a  fibrous  lamina  (76-4  per  cent.)  opposite  the  attach- 
ments of  the  second  costal  cartilages.  More  rarely  they  are 
fused  together  by  cartilaginous  union  (23-6  per  cent.).  I  have 
only  met  with  one  example  (in  a  9  months  foetus)  of  a  case  of 
alteration  in  position  of  the  junction  to  the  point  opposite  the 
attachments  of  the  third  costal  cartilages. 

The  meso-sternum  and  meta-sternum  are  usually  (77"9  per 
cent.)  united  by  cartilage,  and  only  exceptionally  (221  per  cent.) 
by  a  fibrous  lamina. 

The  costal  cartilages  in  the  centre  of  the  series  are  generally 
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fused  with  the  lateral  borders  of  the  sternum,  and  are  not  united 
to  it  by  a  fibrous  lamina.  The  first  costal  cartilage  is  also,  as  a 
rule  (81"3  per  cent.)  continuous  with  the  pre-sternum.  Occa- 
sionally on  one  side  or  both  the  union  is  fibrous. 

The  condition  of  the  seventh  and  eighth  costal  cartilages  has 
been  particularly  noted.  It  is  not  uncommon-  for  the  pair  of 
seventh  cartilages  to  articulate  together  in  front  of  the  sternum 
(34  cases — 14-4  per  cent.).    (In  still  fewer  cases  the  same  occurs 

Table  V. — Sejjaration  of  Sternal  Elements  and  Costal 

Cartilages. 


Months 

IX. 

VIII. 

VII. 

VI. 

V. 

IV. 

III. 

■       ! 
Per 
cent. 

Union  of      )  pibroiis 
Pre-sternum  f  ^»l^rous        .        .        . 

75-1 

78-9 

99-9 

87 

58-3 

69-2 

66-6 

=  76-4 

Meso-'sternumi  Cartilaginous       .        . 

24-7 

21 

0 

12-9 

41-6 

30-7 

33-3 

=  23-6 

Mesotter^Lnl^"--        "       '        ' 

31 

31-5 

31-2 

40 

9 

0 

11-1 

=  22-1 

Meta-'ternum(  Cartilaginous       .        . 

6S-9 

CS-4 

68-7 

60 

90-9 

100 

88-8 

=  77-9 

^Fibrous 

14 

25 

6-6 

0 

0 

15-3 

11-1 

.. 

First  Costal    J  cartilaginous       .        . 
Cartilage      j            ° 

76 

68-7 

80 

100 

78-2 

76-9 

88-8 

=  81-3 

(Dissimilar    . 

9-9 

18-7 

13-3 

0 

21-6 

7-6 

0 

Seventh        (Separate  from  sternum 
Costal         -^' 
Cartilage       (United 

(i-6 
93-4 

5-8 
94-2 

18-7 
81-3 

15-3 

84-7 

0 
100 

9 
91 

0 
100 

=  92 

=  8 

Eighth  Costal  f^^P'-^'-^*^  f^-°'"  ^'«"^"'" 
Cartilage      "(unitea          .        .        . 

90 
9-9 

100 
0 

100 
0 

96-7 
3-.5 

100 
0 

90-9 
9 

88-8 
11-1 

=  95-2 

=  4-S 

with  the  sixth  costal  cartilage.)  In  8  per  cent,  of  the  cases  the 
seventh  cartilage  fails  to  reach  the  sternum  on  one  side  or  both. 
On  the  other  hand,  the  eighth  cartilage  on  one  side  or  both  is 
connected  with  the  sternum  in  still  fewer  cases  (4-8  per  cent.). 
In  rare  cases,  the  5th,  6th,  or  7th  cartilage  reaches  on  one  side 
to  the  middle  line  of  the  sternum,  its  distal  end  pushing  its  way 
forwards  through  the  body  of  the  sternum. 

(E)  SJiape  of  the  meta-sternum. — Out  of  189  cases,  the  meta- 
sternum  is  present  in  182  (96-3  per  cent.) ;  absent  in  seven 
instances  (S'T  per  cent.).  I  have  been  as  careful  as  possible  to 
discard  all  examples  in  which  there  was  the  slightest  indica- 
tion that  the  meta-sternum  had  been  accidentally  lost  in 
maceration. 
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While  the  shape  is  extremely  variable,  it  is  more  often  single 
and  median  than  bifurcated.  An  undivided  meta-sternuni 
occurs  in  107  cases  (57"6  per  cent.) ;  a  bifid  raeta-sternum  in 
77  cases  (42-3  per  cent.). 

(F)  Anomalies — L'pi-sternal  cartilages. — One  of  the  most  strik- 
ing features  of  the  series  of  embryonic  sterna  examined  is  the 
absence  of  anomalous  conditions,  and  the  regularity  and  sym- 
metry of  development.  No  case  of  fissura  sterni  is  recorded. 
One  example  occurs  of  transference  of  the  pre-meso-sternal 
junction  to  the  level  of  the  third  costal  cartilages.  A  few 
instances  are  found  in  which  one  or  more  costal  cartilages 
(usually  the  5th,  6th,  or  7th)  force  their  way  through  the 
cartilaginous  sternum  to  the  middle  li6e.  Absence  of  the 
meta-sternum,  asymmetry  in  the  attachment  of  costal  carti- 
lages, and  fusion  of  contiguous  costal  cartilages  together,  also 
occurred  in  a  few  examples. 

Ein-sternal  cartilages. — In  two  cases  supra-sternal  cartilages 
have  been  found,  situated  at  the  cephalic  border  of  the  pre- 
sternum, between  the  clavicular  articular  surfaces.  In  one  case 
the  cartilages  are  separated  from  the  pre-sternum  and  fused 
together ;  in  the  other  case,  they  are  separate  from  one  another, 
but  continuous  with  the  cartilaginous  pre-sternum. 

It  is  not  my  desire  to  make  any  general  deductions,  or  attempt 
to  draw  any  definite  conclusions  from  these  observations  at 
present.  The  subject  is  a  large  one,  and  is  only  very  partially 
dealt  with  in  this  communication.  I  have  ventured  to  make 
this  bare  statement  of  fact  to  the  Anatomical  Society,  partly  in 
order  to  clear  the  way  for  further  work  on  the  same  subject,  and 
partly  to  draw  attention  to  some  of  the  general  morphological 
problems  associated  with  a  study  of  the  human  and  mammalian 
sternum. 


[Description 
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DESCRIPTION  OF  PLATES  II.,  III. 

Fig.    1.  Human  embryo  (sagittal  section). 

Fig.    2.  Rat    9  mm.     Section  across  bottom  of  praecervical  sinus. 

Fig.     3.     ,,  ,,  Sagittal  section  through  chest  wall. 

Fig.    4.     J,  ,,  Transverse  section  through  middle  of  chest 

wall,  showing  ossifying  ribs  and  absence 

of  sternum. 

^^'      '  '  \  Magnified   seven  times,   showing  clavicles, 

„!^"    y'     "         "         \-       pre-sternum,  meso-sternum,   and    costal 
£,}§•    I-     "         "         I        cartilages. 

Fi«     9  Rat  10  mm   (  ^^8^^^^*^^  twenty-eight  times,  to  show  char- 

-p,.°'    „■  '-^        acteristic   features  of   pre-sternum    and 

»■      *  "         "         (        meso-sternum. 

Fig.  11.  Rat  10  mm.  f  Higher  magnification,  to  show  differentiation 

Fig.  12.  ,,         „        )        of  tissue  in  sternum  and  costal  cartilages. 

-p,.^'  T  /  "I  Magnified  seven  times,  to  show  structure  and 

T^.^'     _■     "         ■'        (         connections  of  sternal  elements. 
Fig.  15.     „         „        I 

1^  Magnified  twenty-eight  times,  to  show  general 

Fig.  16.  Rat  13  mm.  <        structure  of  sternum  and  connections  of 

(        costal  cartilages. 

Fig.  17.  Human  sternum,  3rd  month,  8  mm.  long,  magnified  twenty- 
eight  times. 

Fig.  18.  Human  sternum,  3rd  month,  10  mm.  long,  magnified  twenty- 
one  times. 

Fig.  19.  A-I.  Sections  of  human  sternum,  3rd  month,  9  mm.  long, 
possessing  sternal  foramen  and  8  costal  cartilages, — magnified  18  times. 
J.   Reconstruction  of  same. 

Fig.  20.  Rat  embryo.  Coronal  section  of  cartilaginous  sternum, 
showing  primary  areolae, — magnified  seven  times.- 

Fig.  21.  Coronal  section  of  older  rat's  sternum,  showing  primary 
areolae  and  absence  of  ossification  in  last  piece  of  meso-sternum, — 
magnified  seven  times. 

Fig.  22.  Coronal  section  of  older  rat's  sternum,  showing  primary 
areolae,  thickened  perichondrium,  and  absence  of  bone  formation  be- 
tween 6th  and  7th  costal  cartilages. 

Fig.  23.  Coronal  section  of  sternum  of  mouse  a  few  days  after  birth, 
showing  bone  formation  and  cartilages. 

Fig.  24.  Sternum  (lower  end)  of  rat  9  days  old,  showing  ossifica- 
tion. 
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SOME  POINTS  IN  THE  ANATOMY  OF  THE  DIGESTIVE 
S  YSTEM.i  By  A.  Birmingham,  M.D. ,  Professor  of  Anatomy, 
CatlwHc  University,  Ireland. 

I  HAVE  recently  carried  out  a  systematic  study  of  the  digestive 
system  in  a  series  of  ten  bodies  specially  hardened  by  the 
injection  of  formalin,  and  entirely  devoted  to  the  purpose  of 
this  research.  With  the  same  object  I  have  examined  several 
other  bodies  hardened  for  different  purposes  ;  and  as  in  many 
particulars  my  results  are  not  in  agreement  with  the  accepted 
descriptions  of  the  parts  concerned,  it  may  be  of  interest  to 
submit  some  of  them  to  this  meeting,  with  the  object  of 
eliciting  the  views  and  experiences  of  other  workers  in  this 
branch  of  anatomy. 

There  is  not,  I  am  sure,  in  the  mind  of  anyone  who  has 
given  it  a  fair  trial,  any  doubt  as  to  the  value  of  the 
'  formalin  method '  of  hardening  bodies  for  the  purposes  of 
topographical  anatomy.  I  am  aware  that  various  objections 
have  been  urged  against  it,  but  I  am  inclined  to  think  that 
these  objections  come  solely  from  those  who  have  not  given 
this  reagent  an  unprejudiced  trial.  For  the  method  I  would 
claim  two  great  advantages : — In  the  first  place,  if  properly 
injected  soon  after  death,  it  absolutely  fixes  the  organs  in  the 
position,  form,  and  condition  in  which  they  were  at  the  time  of 
injecting ;  and  as  fixation  during  life  is  impossible,  the  next  best 
thing  is  fixation  soon  after  death.  Secondly,  it  is  incomparably 
superior  to  the  ordinary  method  of  examining  the  body  without 
hardening,  and  without  fixation  of  any  kind,  in  which  the 
opening  up  of  the  cavities,  no  matter  how  carefully  done,  is 
certain  to  interfere  with  the  shape  and  relations  of  the 
contained  viscera.  It  is  also  a  oreat  advance  on  the  method  of 
frozen  sections — valuable  though  it  has  been — for  this 
allowed  of  an  examination  of  parts  as  seen  only  on  one  plane  of 
section,  whilst  the  formalin  method  gives  sections  practically  as 

^  Read  at  the  Manchester  meeting  of  the  Anatomical  Society,  June  1900. 
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good  as  those  obtained  from  frozen  bodies,  and  at  the  same  time 
admits  of  the  taking  asunder,  and  putting  together,  of  the  parts 
shown  in  these  sections,  after  the  fashion  of  a  child's  model 
house.  In  illustration  of  this  latter  advantage,  I  exhibit  a 
specimen  of  the  pelvis,  from  which  the  various  organs  can  be 
removed  one  by  one,  and  restored  again  at  pleasure,  without 
interfering  with  either  their  shape  or  their  relations.  Such  a 
specimen  is,  I  would  submit,  a  great  deal  more  useful  and  more 
true  to  nature  than  any  other  preparation  of  this  part. 

Passing  by  the  merits  of  the  formalin  method,  I  shall  set 
forth  briefly  some  of  the  chief  points  in  which  I  find  my  results, 
obtained  from  hardened  bodies,  differ  from  those  generally 
accepted.  In  doing  so,  I  shall  take  the  various  parts  of  the 
digestive  system  in  order. 

The  Salivary  Glands. 

Tlie  svhmaxillary  gland  lies  further  back  than  usually 
taught.  It  is  in  contact  with  the  mandible  from  its  angle  to  a 
point  about  an  inch  and  a  half  (3-7  cm.)  forward  from  the 
angle.  The  posterior  end  of  the  gland  is  the  most  bulky  part,, 
and  either  abuts  against  or  lies  close  to  the  sterno-mastoid. 
Very  often,  too,  it  is  overlapped  by  the  lower  end  of  the  parotid 
crland,  the  two  being  separated  by  a  process  of  the  deep  cervical 
fascia  which  extends  from  the  angle  of  the  jaw  to  the  fascia  of 
the  sterno-mastoid.  The  '  deep  process  '  leaves  the  deep  surface  of 
the  gland  anterior  to  its  middle,  the  front  of  the  gland 
presenting,  as  it  were,  a  slit  into  which  the  posterior  border  of 
the  mylohyoid  muscle  fits.  Tlie  duct  passes  out  of  the  deep 
surface  about  its  middle,  and  runs  forwards  along  the  upper  and 
deep  aspect  of  the  deep  process.  The  lingual  nerve  crosses 
inwards  and  forwards  on  the  floor  of  the  mouth  beneath  the 
duct,  about  opposite  the  second  molar  tooth. 

The  parotid  gland  is  generally  said  to  be  separated  from  the 
submaxillary  gland  below  by  the  stylo-maxillary  ligament. 
This  is  rarely  or  never  the  case.  The  ligament  separates  it  from 
the  back  of  the  internal  pterygoid  muscle,  which  latter  presents 
not  a  narrow  border,  but  a  wide  posterior  surface  lying  almost  in 
a  coronal  plane.     The  importance  of  the  '  glenoid  lobe,'  which  is- 
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very  small,  is  generally  exaggerated  :  a  '  pterygoid  lobe '  cannot 
properly  be  said  to  exist,  as  the  front  of  the  gland  is  flattened 
up  against  the  back  of  the  internal  pterygoid  referred  to  above. 
The  gland  can  without  mnch  difficulty  be  separated  from  the 
external  carotid  artery,  which  merely  lies  in  a  groove  on  the 
upper  and  anterior  part  of  its  deep  surface.  On  the  other 
hand,  the  facial  nerve  and  the  temporo-maxillary  vein  may 
properly  be  said  to  pierce  it. 

The  term  '  facial  process '  may  conveniently  be  applied  to 
the  thin,  flat,  and  somewhat  triangular  portion  of  the  gland 
which  runs  forward  over  the  masseter. 

The  middle  third  or  two-fourths  of  Stenson's  duct  lies  almost 
in  a  transverse  plane.  It  pierces  the  'sucking  pad'  on  its 
way  to  the  buccinator.  Both  Stenson's  and  Wharton's  ducts 
are  very  much  narrower  at  their  orifices  than  in  the  rest  of 
their  course ;  they  may  consequently  be  looked  upon  as 
forming  something  in   the  nature   of  reservoirs  for  the  saliva. 

Suhlingual  gland. — In  fourteen  dissections  made  specially  with 
this  object,  I  failed  to  find  any  of  the  ducts  of  this  gland  open- 
ing into  Wharton's  duct  as  usually  described,  nor  have  I  found 
any  duct  corresponding  to  the  ductus  major  of  Bartholin. 
Indeed,  I  have  never  seen  this  duct  (that  is,  a  large  duct  run- 
ning with  the  terminal  part  of  Wharton's  duct,  and  opening 
along  with  or  beside  it)  but  once  in  the  human  subject. 

The  a2ncal  glands  of  Nuhn  or  Blandin  (glandula  lingualis 
anterior)  are  not  exposed  by  merely  removing  the  mucous 
membrane  from  the  imder  surface  of  the  tongue :  in  addition,  a 
layer  of  muscle  about  1  or  2  mm.  in  thickness,  made  up  of 
fibres  derived  from  the  united  styloglossus  and  inferior  lingualis, 
must  also  be  reflected.  The  glands  are  mixed  serous  and 
mucous.  They  are  often  much  broken  up  by  the  passage  of 
muscular  fibres  amongst  their  lobules,  and  they  measure  from 
^  to  f  inch  in  length  (12-19  mm.). 

The  Tongue. — In  connection  with  the  tongue,  the  terms 
'  root '  and  '  base '  are  often  carelessly  used,  and  by  some  the 
two  are  employed  as  if  they  were  synonymous.  It  would  be  an 
advantage  to  restrict  the  use  of  the  term  lase  to  the  wide 
posterior  part  of  the  dorsum  which  is  attached  to  the  hyoid 
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bone,  and  the  term  root  to  the  portion  attached  by  muscles,  &c. 
to  the  hyoid  bone  and  mandible. 

The  Palate. — The  palatine  glands,  which  are  so  abundant  in 
the  soft  palate,  are  numerous  also  in  the  posterior  half  or  more 
of  the  hard  palate.  Here  they  extend  further  forwards  on  each 
side  (almost  to  the  anterior  third)  than  in  the  middle  line,  and 
gradually  cease  along  a  curved  line,  arching  outwards  and  back- 
wards on  each  side  from  the  raphe.  In  the  child  at  birth  the 
raphe,  or  rather  the  incisive  pad  at  the  anterior  end  of  the  raphe, 
is  continued  forward  over  the  upper  gum  into  the  frenum  of  the 

upper  lip. 

The  anterior  part  of  the  soft  palate  for  about  8  or  10  mm. 
contains  practically  no  muscular  fibres:  it  is  made  up  of 
the  thin  palatine  aponeurosis,  covered  on  the  inferior  surface 
by  an  extremely  thick  layer  of  mucous  glands,  and  on  both  sur- 
faces by  mucous  membrane.  This  anterior  part  is  much  less 
movable  than  the  posterior  part ;  it  forms  a  relatively  horizontal 
continuation  backwards  of  the  hard  palate,  and  upon  it  chiefly 
the  tensor  palati  acts.  The  crest  on  the  posterior  part  of  the 
under  surface  of  the  palate  bone,  to  which  the  tensor  palati  is 
described  as  being  attached,  would  seem  to  be  developed  rather 
as  a  protecting  ledge  to  save  the  posterior  palatine  artery 
— which  lies  more  or  less  under  cover  of  it — from  pressure. 

Pharynx. 

I  was  anxious  to  devise  some  dissections  of  the  pharynx  in 
hardened  bodies  which  would  give  a  better  view  of  that  cavity 
than  the  ordinary  mesial  and  transverse  sections.     Two  very 
satisfactory  specimens  were  the  result.     The  first  was  made  as 
follows :— The  head  and  neck  having  been  removed  from  the 
trunk  of  a  hardened  subject,  a  knife  was  introduced  into  the 
lower  part  of  the  oesophagus,  whence  it  was  carried  transversely 
outwards,  first  on  one  side,  then  on  the  other,  cutting  through 
everything  until  the  skin  was  reached  and  divided.     Then  the 
knife  was  again  introduced  higher  up,  and  the  same  process 
repeated  until  the  base  of  the  skull  was  reached,  when  the  skull 
was  divided  transversely  with  a  fine  saw,  and  the  anterior  half 
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of  the  head  and  neck  with  the  anterior  wall  of  the  pharynx  on 
the  one  hand,  was  separated  from  the  posterior  half  with  the 
posterior  wall  on  the  other.  On  the  front  half  an  excellent 
view  of  the  anterior  pharyngeal  wall,  etc.,  was  obtained.  The 
posterior  half  showed  merely  the  flattened  posterior  wall  of  the 
pharynx,  with  the  pharyngeal  tonsil.  The  section  gives  a  very 
striking  demonstration  of  the  naso-pharynx,  the  soft  palate,  the 
isthmus  of  the  fauces,  and  also  of  the  flattening  of  the  pharyn- 
geal cavity  from  before  backwards. 

The  second  specimen  was  designed  to  show  the  naso-pharynx 
and  the  oral  pharynx  from  the  front.  The  skull-cap  and  brain 
having  been  removed,  and  the  opening  of  the  mouth  continued 
backwards  on  each  side  by  an  incision  carried  as  far  as  the 
masseter,  a  coronal  section  was  made  through  the  anterior  part 
of  the  head  and  face,  which  ran  parallel  to,  and  about  2  mm.  in 
front  of,  the  posterior  edge  of  the  nasal  septum,  and  divided 
the  back  part  of  the  hard  palate  transversely.  The  posterior 
edge  of  the  nasal  septum  was  preserved  intact,  and  the  posterior 
extremity  of  the  two  inferior  turbinals  also  remained  at  each 
side.  At  the  same  time  the  oral  pharynx  and  its  surroundings 
were  brought  into  view  by  depressing  the  tongue  and  mandible. 
In  one  specimen  prepared  in  this  way  the  posterior  nares  were 
particularly  wide  and  the  naso-pharynx  especially  roomy,  so 
that  a  wonderfully  distinct  view  of  the  naso-pharyngeal  cavity, 
with  its  sloping  vault  and  its  Eustachian  orifices,  was  obtained. 
The  flattenmg  of  the  pharynx  from  before  backwards,  so  dis- 
tinct in  hardened  bodies,  has  been  already  referred  to ;  at  the 
same  time,  the  chamber-like  character  of  the  naso-pharynx  is 
very  distinct.  A  very  striking  characteristic  of  the  pharynx  is 
well  shown  in  the  first  of  the  two  specimens  referred  to  above, 
namely,  the  great  width  of  the  naso-pharynx  just  behind  the 
Eustachian  tubes  at  the  lateral  recesses  (fossffi  of  Eosenmiiller). 
Here  the  cavity  bulges  out  on  each  side  over  the  upper  border 
of  the  superior  constrictor  for  a  considerable  distance  ;  and  here, 
too,  contrary  to  the  usual  description,  the  pharyngeal  cavity  is 
widest.  Next  in  width  comes  the  oral  portion  of  the  tube, 
which  is  wider  above  than  opposite  the  hyoid  bone. 

No  convenient  term  is  in  general  use  for  the  aperture  between 
the    two   posterior   palatine   arches   through  which    the   naso- 
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pharynx  above  commuuicates  with  the  oral  pharynx  below.  For 
this  opening  the  name  i^haryncjeal  isthmus  (isthmus  pharyngo- 
nasalis  of  Luschka)  is  suggested. 

There  is  practically  no  part  of  the  constrictors  in  the  wall  of 
the  naso-pharynx.  The  pharyngeal  spine  lies  not  on  the  roof, 
but  low  down  on  the  posterior  wall  of  the  naso-pharynx  ;  hence 
the  upper  border  of  the  superior  constrictor  lies  just  above  the 
level  of  the  pharyngeal  isthmus,  for  which  it  forms  (with  the 
palato-pharyngeus)  a  kind  of  sphincter. 

The  supra-tonsillar  fossa  is  usually  distinct  as  a  variably 
developed  depression  just  above  the  tonsil.  The  plica  triangu- 
laris (His) — a  thin  triangular  fold  of  mucous  membrane,  with  its 
base  towards  the  tongue,  which  projects  backwards  from  the 
anterior  palatine  arch  over  the  tonsil,  to  which  it  is  generally 
united  in  the  adult — is  rarely  well  marked  in  the  adult  or  aged 
body,  although  so  distinct  in  the  child.  The  crypts  of  the  tonsil 
communicate  freely  with  one  another  within  its  substances  (as 
pointed  out  by  Paterson  and  others). 

External  relations  of  the  tonsil. — The  outer  surface  of  the 
tonsil  is  enclosed  by  a  distinct  fibrous  capsule  connected  with 
the  pharyngeal  aponeurosis,  outside  which  lies  the  superior  con- 
strictor. This  latter  separates  the  tonsil  in  its  upper  three- 
fourths  from  the  styloglossus,  and  in  its  lower  fourth  from  the 
stylopharyngeus,  with  the  glosso -pharyngeal  nerve  winding  for- 
wards over  its  upper  border  on  its  way  to  the  base  of  the 
tongue.  The  ascending  palatine  artery  running  upwards  and 
backwards  between  the  styloglossus  and  stylo- pharyngeus  and 
the  tonsillar  artery  (often  a  branch  of  the  last)  lie  in  close 
relation  to  the  outside  of  the  tonsil,  separated  only  by  the 
superior  constrictor.  The  internal  carotid,  as  usually  described, 
lies  f  to  1  inch  behind  and  to  the  outer  side  of  the  tonsil. 

The  (Esophagus. 

Both  a  diaphragmatic  (Jonnesco)  and  an  abdominal  part  of 
the  oesophagus  have  been  described.  The  diaphragmatic  portion, 
said  to  be  about  half  an  inch  in  length  (1-5  cm.),  corresponds 
to  the  portion  of  the  tube  which  lies  in  the  oesophageal  orifice 
(or  canal)  of  the  diaphragm.     The  long  axis  of  this  orifice  is 
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very  oblique,  or  almost  vertical,  and  its   abdominal   opening 
looks  forwards  and  to  the  left,  but  only  slightly  downwards. 
Above  and  in  front,  where  it  is  bounded  either  by  the  posterior 
■edge  of  the  central  tendon,  or  by  a  few  decussating  fibres  of  the 
muscular  portion  which  meet  behind  the  tendon,  the  oesophageal 
orifice  has  practically  no  length,  and  consequently  the  oesophagus 
here  passes  into  the  abdominal  cavity  immediately  after  leaving 
the  thorax.    At  the  sides  and  below,  on  the  other  hand,  the  decus- 
sating bands  from  the  two  crura,  which  embrace  the  orifice,  are 
so  arranged  that  they  turn  a  flat  surface,  not  an  edge,  towards 
the  opening,  and  thus  behind  and  at  the  sides  the  orifice  or 
•canal  is  of  some  length,  and  on  these  aspects  there  is  a  portion 
of  the  tube  in  contact  with  the  diaphragm  for  a  distance  of  1  to 
1|  cm.     But  this  contact  takes  place  not  around  a  horizontal 
line,  but  in  a  very  oblique  plane,  corresponding  to  that  of  the 
orifice.     On  the  whole,  it  is  perhaps  more  satisfactory  not  to 
describe  a  separate  diaphragmatic  portion,  but  to  say  that  the 
oesophagus  pierces  the  diaphragm  very  obliquely,  and  that  at 
the  sides  and  behind  it  is  in  contact  with  the  walls  of  the  orifice 
for  a  distance  of  ^  inch  or  more. 

The  oesophagus  in  passing  through  the  orifice  is  connected  to 
its  boundaries  by  a  considerable  amount  of  strong  connective 
tissue,  but  it  is  extremely  difficult,  or  impossible,  to  demonstrate 
any  direct  naked-eye  connection  between  the  oesophageal 
muscvilar  fibres  and  those  of  the  diaphragm. 

The  anterior  or  right  boundary  of  the  oesophageal  orifice, 
formed  of  fibres  derived  from  both  crura  of  the  diaphragm,  is 
very  strongly  developed  and  prominent,  and  usually  lies  in  the 
oesophageal  groove,  on  the  back  of  the  left  lobe  of  the  liver, 
which  groove  is  rarely  due,  I  believe,  to  the  pressure  of  the 
oesophagus  itself. 

The  abdominal  portion  of  the  oesophagus  is  very  short,  for 
immediately  after  piercing  the  diaphragm  the  tube  expands  into 
the  stomach.  However,  when  the  empty  stomach  is  drawn 
forcibly  downwards,  a  portion  of  the  front  and  left  side  of  the 
tube,  about  half  an  inch  in  length  (l-l'o  cm.),  is  seen,  to  which 
the  above  term  is  applied.  This  part  is  covered  with  peritoneum 
derived  from  the  great  sac  in  front  and  on  the  left,  whilst  its 
right  and    posterior  surfaces  are  imcovered.     It   is   generally 
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described  as  lying  against  the  oesophageal  groove  and  the  left 
lateral  ligament  of  the  liver  in  front,  but  it  never  actually  conies 
in  contact  with  the  latter  of  these  structures,  which  is  attached 
to  the  upper  surface  of  the  left  lobe  of  the  liver  by  one  edge, 
and  to  the  diaphragm,  over  an  inch  in  front  of  the  oesophagus,  by 
the  other.  As  regards  the  former,  the  oesophageal  groove  of  the 
liver  is  generally  occupied  by  the  prominent  right  margin  of  the- 
oesophageal  orifice  in  the  diaphragm,  which  possibly  is  so  strongly 
developed  and  so  prominent  in  order  to  bear  the  pressure  of  the- 
liver  off  the  tube,  which  otherwise  would  be  interfered  with  in 
its  dilatation  during  the  passage  of  food.  When  the  stomach  is 
distended,  this  abdominal  part  of  the  oesophagus  practically 
disappears,  being  absorbed,  as  it  were,  into  the  stomach  in  its 
enlargement.  Or  possibly,  indeed,  it  is  in  most  cases  an  artificial 
production  due  to  the  traction  on  the  empty  stomach  (generally 
necessary  to  demonstrate  it)  pulling  a  part  of  the  oesophagus 
from  its  lax  diaphragmatic  moorings  down  into  the  abdominal 
cavity. 

Abdomen. 

S'uhdivisions  of  the  abdominal  cavity. — It  seems  to  me  that 
the  lines  adopted  by  Cunningham  for  the  subdivision  of  the 
abdominal  cavity,  with  the  exception  of  the  mid-Poupart  line,, 
are  the  most  satisfactory.  The  mid-Poupart  line  gives  a 
lateral  region  which  is,  particularly  in  the  female,  entirely 
too  narrow.  A  much  more  satisfactory  division  of  the  mesial 
from  the  lateral  portion  of  the  abdomen  can  be  made  by  a 
'  Poupart  line '  drawn  vertically  upwards  from  a  point  on 
Poupart's  ligament  half  way  between  the  anterior  superior  spine 
of  the  ilium  and  the  symphysis  pubis.  This  gives  a  lumbar 
region  of  nearly  the  same  width  as  the  right  or  left  half  of  the 
umbilical  region. 


■'&•' 


The  Stomach. 

The  natural  form  of  the  stomach. — As  seen  in  male  bodies,  the- 
viscera  of  which  have  been  hardened  by  the  intravascular 
injection  of  formalin,  the  em-pty  stomach  is  of  an  attenuated  or 
slender  pear  shape,  generally  flattened  from  above  downwards,. 
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but  preserving  in  its  whole  length  more  or  less  of  an  irregularly 
rounded  or  cylindrical  form.  In  this,  the  empty  condition,  it  is 
much  bent  on  itself,  particularly  at  the  junction  of  the  cardiac 
and  pyloric  portions,  where  the  lesser  curvature  is  generally 
reduced  to  a  sharp  angle.  The  long  axis  of  the  organ  (tracing 
it  from  the  summit  of  the  fundus)  is  in  the  cardiac  portion, 
directed  from  behind  forwards  and  to  the  right,  with  a  slight 
inclination  downwards ;  then  it  bends  almost  at  a  right  angle, 
and  in  the  pyloric  portion  runs  to  the  right  towards  the  pylorus. 
Even  in  the  empty  condition  the  cardiac  portion  retains,  as  a 
rule,  an  appearance  of  rotundity,  and  rarely  or  never  assumes  a 
completely  collapsed  and  flattened  form  ;  whilst  the  pyloric 
portion,  contracting,  assumes  a  narrow  cylindrical  shape,  and 
resembles  in  size  and  general  appearance  a  bit  of  thick-walled 
small  intestine. 

It  would  appear  that  the  collapsed,  flat-walled,  and  flaccid  bag, 
usually  pictured  as  the  empty  stomach,  does  not  represent  its 
true  condition,  but  is  rather  the  result  of  post-mortem  softening, 
relaxation,  and  pressure.  The  stomach,  like  the  bladder,  and 
like  other  hollow  viscera  with  muscular  walls,  is  an  extensile 
organ,  capable  of  considerable  expansion,  and  also  of  contraction 
in  virtue  of  the  properties  of  its  muscular  coat.  When  food 
enters  its  cavity  it  expands,  the  expansion  being  proportionate 
to  the  amount  of  food  that  enters ;  when  the  food  passes  away 
or  is  absorbed,  it  contracts  until  its  cavity  is  reduced  to  little 
more  than  a  stellate  lumen,  containing  perhaps  some  mucous 
gastric  juice  or  gas.  In  other  words,  the  stomach  is  not  an 
inert  bag,  hanging  down  when  empty  like  a  flapping  sail,  with 
its  walls  in  contact,  but  an  active,  living  organ,  capable  of 
expansion  and  contraction,  which  adapts  the  size  of  its  cavity 
to  the  amount  of  its  contents. 

Whilst  all  the  other  coats  of  the  stomach  are  highly  extensile, 
the  mucous  coat  is  so  only  to  a  slight  degree ;  this  coat  must 
therefore  be  sufficient  in  amount  to  surround  the  cavity  when 
largest ;  hence,  when  the  stomach  is  empty  and  the  other  coats 
contracted  round  the  diminished  lumen,  the  inelastic  mucous 
coat  is  thrown  into  folds  or  rugse,  which  project  into  and 
practically  fill  the  cavity  of  the  organ,  and  give  to  it,  even  in  the 
empty  state,  a  rounded  or  cylindrical  form. 
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The    distended    stomach. — In    the    gradual    passage    of    the 
stomach  from    the  empty  to  the  distended  condition,  we  may 
recognise  three  stages.     First  stat/c. — This  commences  with  an 
enlargement    of   the   fundus   in   a   backward  direction,  and  is 
followed  by  an  expansion  of  the  cardiac  portion,  which  passes 
upwards  towards  the  left  cupola  of  the  diaphragm  and  also  to 
the  left,  displacing  the  coils  of  the  transverse  colon  which  lie 
over  the  stomach  and  to  its  left  when  the  organ  is  empty.     The 
pyloric   portion   for    3   or   4   inches    remains    contracted   and 
cylindrical,   the    whole   organ   bearing  some  resemblance  to  a 
Florence  flask,  sharply  bent  at  the  junction  of  the  neck  with 
the  body,  and  in  this  condition  the  stomach  is  frequently  found 
after   death.     Second  stage. — As  distension  goes  on,  the  lesser 
curvature  opens  out,  the  pyloric  portion  (with  the  exception  of 
its   last   inch)   becomes    distended,    but   its  junction  with  the 
cardiac  portion  is,  as  a  rule,  still  marked  by  a  faint  constriction, 
most  evident  at  the  curvatures,  which  persists  until  distension 
is  almost  complete.     Third  stage. — A  further  general  expansion 
of  the  whole  stomach  takes  place ;  the  diameters  of  both  cardiac 
and   pyloric  portions,  as  well  as  the  length  of  the  organ,   are 
increased ;   the    great   curvature   presses   forwards   against  the 
anterior  abdominal  wall  in  front,  where  the  restraining  influence 
of  the  ribs  is  absent.     The  pyloric  end  for  about  1  inch  (2-5  cm.) 
from  the  pylorus  remains  narrow  (constituting  the  pyloric  canal 
of  Jonnesco),  but  to  the  left  of  this  it  is  dilated,  forming  the 
antrum  pylori,  which  is  most  distinct  at  the  great  curvature.     By 
the  increase  in  length   of  the  organ   the  antrum  is  carried  a 
considerable   distance  to    the    right   beneath    the    liver — even 
further  than  the  pylorus  itself — so  that  the  terminal  part  of  the 
stomach  is  directed  backwards  in  order  to  reach   the  pylorus, 
which  latter  rarely  passes  more  than  2  inches  to  the  right  from 
its  normal  position,  namely,  in  the  empty  condition,  within  half 
an   inch    (12    mm.)   of   the   middle   line.     And   finally,  as  the 
stomach  becomes  distended,  it  gradually  becomes  more  oblique, 
80  that  in  the  distended  condition  the  long  axis  of  the  posterior 
two-thirds  of  the  organ  is  directed  forwards,  downwards,  and  to 
the  right,  and  it  forms  an  angle  of  about  40  to  45  with  both 
the  horizontal   and   sagittal  planes.      This  obliquity  is  due  to 
the  ascent  of  the  fundus  and  adjacent  parts  of  the  upper  sur- 
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face  into  the  cupola  of  the  diaphragm  during  distension,  and  the 
descent  of  the  under  surface  as  it  passes  forwards  towards  the 
yielding  anterior  abdominal  wall,  where  it  is  supported  only  by 
intestines. 

There  is,  however,  as  pointed  out  by  Jonnesco,  no  distinct 
rotation  of  the  organ  on  its  long  axis,  no  turning  of  the  great 
curvature  more  forwards,  nor  of  the  so-called  anterior  surface 
more  upwards. 

In  the  change  from  the  distended  to  the  empty  state,  these 
stages  are  reversed  :  the  whole  stomach  is  contracted  or  drawn 
in  from  all  directions  towards  the  lesser  curvature ;  this  latter 
is  bent  upon  itself  to  an  acute  angle,  and  the  long  axis  of  the 
organ  becoming  less  oblique,  approaches  the  horizontal. 

Although  this  description  of  the  shape  and  direction  of  the 
stomach  is  at  variance  with  the  generally  accepted  accounts,  it 
is  based  upon  the  examination  of  a  considerable  number  of 
hardened  bodies,  and  has  been  found  to  apply  so  generally  in 
well  formed  males  that  it  is  advanced  here  as  the  condition 
most  frequently  found  during  life,  or  immediately  after  death. 

In  connection  with  the  usual  description,  viz.,  that  the  car- 
diac two-thirds  or  three-fourths  of  the  stomach  is  placed 
vertically,  it  may  be  pointed  out  that  the  antero-posterior  depth 
of  the  portion  of  the  abdominal  cavity  in  which  this  part  of  the 
stomach  lies  is  often  over  5 — or  even  6 — inches,  and  this  with  a 
stomach  the  greatest  diameter  of  which  is  4  or  4|  inches.  Again, 
with  the  arrangement  of  the  pancreas  and  transverse  mesocolori 
which  is  found  to  exist  in  hardened  specimens,  and  which  will  be 
described  in  connection  with  the  stomach  bed,  it  is  impossible 
for  the  cardiac  portion  of  the  stomach  to  lie  vertically  without 
displacement  of  the  pancreas  and  other  parts.  It  must,  how- 
ever, be  admitted  that  in  the  female,  as  a  result  of  tight-lacing, 
the  stomach  is  often  found  to  assume  an  abnormal  and  almost 
vertical  position  ;  but  this  condition  is  associated  with  displace- 
ment of  other  abdominal  organs  in  the  neighbourhood. 

It  should  perhaps  be  mentioned  in  this  connection  that  the 
posterior  part  of  the  under  surface  of  the  stomach,  as  far  for- 
wards, namely,  as  the  anterior  edge  of  the  pancreas,  is  nearer  to 
the  horizontal  than  the  portion  in  front  of  it.  This  is  due  to 
the   firm   support   which    the   kidney   and   pancreas   aftbrd    to 
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the  former  part.     Indeed,  there  is  often  a  distinct  bend  in  this 
surface  corresponding  to  the  anterior  edge  of  the  pancreas. 

In  brief,  it  may  be  said  that  the  stomach  when  empty  is 
contracted,  not  collapsed ;  that  it  assumes  a  narrow  attenuated 
shape,  its  cavity  being  practically  obliterated,  and  its  pyloric 
portion  contracted  to  the  size  of  small  intestine  ;  and  in  addi- 
tion, that  its  long  axis  lies  in  an  almost  horizontal  plane. 
With  distension,  there  comes  a  general  enlargement  of  the 
various  diameters,  an  elongation  of  the  whole  stomach,  with  a 
consequent  passage  of  its  pyloric  portion  to  the  right  beneath 
the  liver,  the  development  of  the  antrum  pylori,  and  a  general 
inclination  of  the  organ  from  behind  downwards  and  forwards 
without  any  rotation. 

Surfaces. — There  is  little  doubt,  considering  the  position  of  the 
empty  stomach,  that  its  two  surfaces  should  be  called  superior 
and  inferior,  rather  than  anterior  and  posterior  respectively. 
The  superior  is  the  more  convex  and  the  more  extensive  of  the 
two. 

If  the  attachment  of  the  lesser  omentum  be  traced  towards 
the  cardia,  it  will  be  found  to  wind  gradually  on  to  the  upper 
surface,  so  that  the  oesophagus  joins  the  stomach  rather  on  its 
upper  surface  than  at  the  lesser  curvature  (as  I  pointed  out  in 
a  former  paper  i). 

The  stomach  chamber  and  stomach  led. — (These  I  have- 
already  described  in  a  former  issue  of  the  Journal :  the  following 
description  may  be  given  after  a  more  extended  study  of  the 
hardened  body.) 

The  portion  of  the  abdominal  cavity  in  which  the  stomach 
lies  has  such  definite  boundaries  and  such  constant  surround- 
ings that  it  seems  to  merit  the  title  of  stomach  chamber, 
particularly  as  the  boundaries  or  walls  of  the  space — which  is 
completely  filled  by  the  distended  stomach — do  not  collapse 
when  the  stomach  is  empty,  but  maintain  the  form  of  the 
cavity,  which  then  becomes  occupied  by  the  transverse  colon 
— as  a  rule— which  doubles  up  over  the  stomach  when  this 
latter  is  empty. 

The  chamber  presents  an  arched  roof,  un  irregular  sloping 
floor,  and  an  anterior  wall.     The  roof  is  formed  on  the  right 
^. foil  null  of  Anatomy  cmd  Physiology,  October  1896. 
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by  the  visceral  surface  of  the  left  lobe  of  the  liver,  and  in  the 
rest  of  its  extent  by  the  left  cupola  of  the  diaphragm,  which 
arches  gradually  downwards  behind  and  on  the  left  to  meet 
the  floor. 

The  floor,  or  stomach  bed,  is  a  distinct  sloping  shelf;  not  a 
mere  indiscriminate  collection  of  underlying  viscera,  but  a 
definite  bed,  constant  in  its  formation,  on  which  the  under 
surface  of  the  stomach  rests,  and  by  which  the  organ  is  sup- 
ported. The  bed  is  formed  behind  by  the  top  of  the  left  kidney 
(with  its  suprarenal  capsule)  and  the  gastric  surface  of  the 
spleen,  both  of  which  taken  together  form  a  fairly  regular 
concave  surface,  sloping  backwards  and  upwards  to  meet  the 
roof,  and  thus  completing  the  posterior  part  of  the  chamber 
which  receives  the  fundus  of  the  stomach.  In  front  of  the 
spleen  and  kidney  the  bed  is  formed,  first,  by  the  wide  upper 
surface  of  the  pancreas,  then  by  the  transverse  mesocolon 
sloping  forwards  and  slightly  downwards  from  the  anterior 
edge  of  the  pancreas  to  the  colon,  which  latter  completes  the 
floor  anteriorly.  This  portion  of  the  transverse  mesocolon  on 
which  the  stomach  rests  is  stretched  over  and  buoyed  up  by  a 
large  mass  of  small  intestine  (jejunum),  which  invariably  will 
be  found  packed  in  beneath  the  mesocolon  on  the  front  of  the 
left  kidney  when  the  transverse  colon  is  turned  up. 

Finally,  the  anterior  wall  of  the  stomach  chamber  is  formed 
by  the  abdominal  wall  between  the  ribs  on  the  left  and  the 
liver  on  the  right  side. 

Behind,  as  already  indicated,  the  chamber  is  completed 
by  the  meeting  of  the  floor  and  roof,  but  the  line  along 
which  the  two  meet  is  variable;  for  sometimes  the  spleen 
extends  up  for  but  a  little  way  at  the  back  of  the  chamber, 
whilst  in  other  cases  it  constitutes  the  greater  part  of  its 
posterior  boundary,  and  forms  a  cuplike  surface  on  which  the 
inferior  aspect  of  the  fundus  of  the  stomach  rests. 

This  chamber,  as  already  mentioned,  is  completely  filled  by 
the  stomach  when  the  organ  is  distended.  When,  on  the  other 
hand,  the  stomach  is  empty  and  contracted,  it  still  rests  on  the 
floor  or  stomach  bed,  but  occupies  only  the  lower  portion  of 
the  chamber,  whilst  the  rest  of  this  space  is  filled  by  the 
transverse  colon,  which  turns  gradually  upwards  as  the  stomach 
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retracts,  and  finally  comes  to  lie  both  above  and  in  front  of 
that  organ  and  immediately  beneath  the  diaphragm — a  fact  of 
some  importance  in  clinical  examination  of  this  region.  Possibly 
one  of  the  reasons  why  the  transverse  colon  is  so  tortuous  and 
its  mesentery  so  long  is  to  permit  of  its  doubling  up  in  the 
manner  described  in  order  to  fill  the  space  vacated  by  the 
contracted  stomach.  Sometimes  part  of  the  small  intestine,  too, 
may  be  found  in  the  chamber. 

The  pyloric  portion  of  the  stomach  and  the  antruvfi  pylori. — 
When  the  stomach  is  empty  the  pyloric  portion  for  a  distance  of 
3  or  4  inches  is  contracted  and  cylindrical ;  it  resembles  in 
appearance  a  bit  of  thick-walled  small  intestine,  and  runs  trans- 
versely to  the  right,  lying,  as  a  rule,  beneath  the  left  lobe  of  the 
liver.  When  the  stomach  is  distended,  this  part  is  carried  to 
the  right  beneath  the  quadrate  lobe,  and  its  terminal  part  is 
directed  backwards,  or  even  backwards  and  to  the  left,  to  reach 
the  duodenum  ;  at  the  same  time  it  becomes  curved  like  an 
italic  >S'  placed  horizontally.  This  /S-shaped  curve  (which  is 
maintained  by  the  hgamenta  pylori)  gives  rise  to  two  grooves, 
one  at  the  upper,  the  other  at  the  lower  border  and  nearer  to 
the  pylorus.  The  first  curve  of  the  S — i.e.  that  nearest  to  the 
cardiac  end — is  convex  downwards  and  forwards,  and  this 
becoming  more  prominent  with  distension,  forms  the  antrum 
pylori.  The  terminal  curve  of  the  S  extends  up  to  the  pylorus ; 
it  is  nearly  one  inch  in  length,  and  it  appears  never  to  become 
dilated  to  any  noticeable  extent.  This  is  the  part  described  by 
Jonnesco  as  the  pyloric  canal. 

When  examined  iwst-mortem,  in  the  ordinary  way,  the  pyloric 
aperture,  viewed  from  the  duodenal  side,  is  somewhat  oval  in 
form,  and  closely  resembles  the  external  os  uteri,  as  pointed  out 
by  Cunningham.  From  the  opposite  side  it  presents  an  irregular 
or  stellate  appearance,  owing  to  the  rugse  of  the  gastric  mucous 
membrane  being  continued  up  to  the  orifice.  In  formalin- 
hardened  bodies  with  empty  and  contracted  stomach  and  duo- 
den  vmi,  the  aperture  is  closed,  and  presents  a  stellate  or  purse- 
mouth  appearance  when  viewed  from  either  side,  the  appearance 
of  firm  closure  being  much  more  marked  on  the  gastric  than  the 
duodenal  aspect.  In  hardened  bodies  with  distended  stomach 
and  duodenum,  the  aperture,  which  is  somewhat  oval,  is  practi- 
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cally  closed,  and  from  the  duodenal  side  resembles  the  os  iiterL 
But  both  in  the  empty  and  the  distended  state,  the  pylorus 
seems  to  be  a  tubular  narrowing,  extending  over  half  an  inch  to 
an  inch  of  the  canal,  rather  than  an  abrupt  constriction.  On 
section,  it  will  also  be  remarked  that  the  muscular  thickening 
which  produces  the  valve  is  gradual  in  its  development  when 
traced  from  the  gastric  side,  but  that  it  ends  abruptly  as  the 
duodenum  is  reached. 

When  the  stomach  is  empty  the  pylorus  lies  about  2  inches 
below,  1|  inches  to  the  right,  and  the  same  distance  in  front 
of  the  cardia ;  in  the  distended  condition  its  position  is  about 
2^  or  3  inches  below,  2  to  2i-  inches  to  the  right,  and  2  inches 
in  front  of  the  cardia. 

I  have  never  seen  a  really  patent  pylorus  in  a  hardened  body, 
with  either  an  empty  or  a  distended  stomach,  which  leads  me 
to  think  that  in  its  ordinary  condition  the  pylorus  is  naturally 
closed,  and  that  the  opening  of  the  orifice  (like  that  of  the  anus) 
is  an  active  process. 

The  '  uncovered  area,'  that  is  to  say,  the  small  triangular 
surface  of  the  stomach  which  is  free  from  peritoneum,  is  situated 
on  the  inferior  (or  posterior)  surface,  below  and  to  the  left  of  the 
cardia.  It  is  irregularly  triangular  in  shape,  and  measures 
about  2  inches  in  width  and  1|-  inches  from  above  downwards. 
From  its  left  angle  the  attachment  of  the  great  omentum 
(gastro-splenic  part)  starts ;  and  at  its  right  angle  the  coronary 
artery  reaches  the  stomach. 

Small  Intestine. 

Often  patches  of  valvule  conniventes,  much  reduced  in  size,  can 
be  traced  to  within  a  short  distance  of  the  ileo-ctccal  valve. 
According  to  Sappey,  Luschka,  and  others,  they  usually  reach 
to  within  two  or  three  feet  of  the  large  intestine. 

When  the  surface  of  the  Peyer's  patch  from  a  child's  intestine 
(in  which  these  structures  are  particularly  well  developed)  is 
carefully  examined,  it  is  seen  to  be  made  up  not  of  a  series  of 
separate  rounded  nodules  grouped  together,  but  rather  of  a 
number  of  wavy,  irregular,  and  branching  ridges,  connected  with 
one  another  by  cross  branches,  the  whole  recalling  in  miniature 
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the  appearance  of  a  raised  map  of  a  very  mountainous  district, 
in  which  the  chief  chains  run  irregular  courses,  and  are  joined 
to  one  another  by  connecting  ridges. 

Brunners  glands  form  an  almost  continuous  layer  of  little 
rounded  or  flattened  masses  (of  a  reddish-grey  colour,  varying 
in  size  from  one-fiftieth  to  one-twelfth  of  an  inch  in  diameter) 
in  the  submucosa  of  the  duodenum,  as  far  as  the  opening  of  the 
bile-duct ;  beyond  this,  they  can,  however,  be  easily  traced, 
diminishing  progressively,  and  they  disappear  altogether  near  the 
duodeno-jejunal  flexure. 

The  mesentery  rarely  measures  more  than  6  inches  from  its 
posterior  attachment  to  the  intestine  directly  opposite.  Treves 
and  Lockwood  give  the  length  of  the  mesentery  as  8  or  9  inches  ; 
this  measurement  must,  I  imagine,  have  been  taken  obliquely, 
perhaps  from  the  upper  part  of  the  posterior  to  the  lower  part 
of  the  intestinal  attachment. 

Whilst  the  root  of  the  mesentery  pursues  at  its  attachment 
an  almost  straight  line  from  one  end  to  the  other,  if  cut  across 
a  very  short  distance  from  the  abdominal  wall,  it  will  here  be 
found  to  form  a  wavy  or  undulating  line.  Further  out  still, 
this  becomes  more  and  more  marked,  and  finally,  if  the  bowel  be 
removed  by  cutting  through  the  mesentery  close  to  its  attach- 
ment to  the  intestinal  wall,  it  will  be  seen  that  its  free  edge 
is  not  only  undulating,  but  is  frilled  or  plaited  to  an  extreme 
degree.  When  shown  in  this  way  it  is  found  that  the  plaiting 
or  folding  is  not  quite  indiscriminate,  but  that  the  main  folds, 
of  which  there  are  usually  six,  run  alternately  to  the  right  and 
left.  As  a  rule,  the  first  fold  runs  to  the  left  from  the  duodeno- 
jejunal flexure,  and  goes  to  a  coil  of  jejunum,  which  lies  under 
the  transverse  mesocolon,  and  helps  to  support  the  stomach. 
(This  coil  has  been  already  referred  to.)  The  second  fold 
passes  to  the  right,  the  third  to  the  left,  and  so  on  up  to  the 
fifth  and  sixth,  which  are  usually  small.  From  the  margins  of 
these  primary  folds,  secondary  folds  project  in  all  directions,  and 
from  these  again  even  a  third  series  may  be  formed. 

This  order  is,  of  course,  by  no  means  constant,  but  if  the 
intestine  be  removed  from  a  hardened  body  in  the  way  suggested, 
without  disturbing  the  mesentery,  it  will  be  found  to  be  arranged 
with  more  or  less  regularity  on  some  such  plan  as  that  indicated. 
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Meckel's  diverticulum  ilei. — -I  have  incidentally  looked  into  the 
literature  of  Meckel's  diverticulum,  and  it  may  be  of  interest 
to  give  some  of  the  results,  for  which  I  am  chiefly  indebted 
to  the  Collective  Investigation  of  the  Anatomical  Society  of 
Great  Britain  and  Ireland,  and  to  the  papers  of  L.  J.  Mitchell, 
Kelynack,  Kogie  and  Augier.  Frequency. — In  3302  bodies 
specially  examined  with  reference  to  its  existence,  it  was 
present  in  73,  or  2*2  per  cent.,  and  it  appears  to  be  more  common 
in  the  male  than  in  the  female.  Position. — In  59  cases  its 
position  with  reference  to  the  end  of  the  ileum  was  examined, 
and  its  average  distance  from  the  ileo-ctecal  valve  was  32|  inches 
measured  along  the  gut,  the  greatest  distance  being  12  feet,  and 
the  smallest  6  inches.  Length  of  the  diverticulum. — The  average 
of  52  specimens  was  2-1  inches,  the  longest  being  5^  inches,  the 
shortest  half  an  inch.  The  diameter  usually  equals  that  of  the 
intestine  from  which  it  springs  ;  occasionally  it  is  cord-like  and 
pervious  only  for  a  short  way ;  on  the  other  hand,  it  has 
attained  a  diameter  of  3|  inches. 

Large  Intestine. 

In  formalin-hardened  bodies,  portions  of  the  large  intestine, 
but  particularly  the  descending  and  sigmoid  colons,  are  when 
empty  generally  reduced  to  a  diameter  of  about  f  or  f  inch. 
Under  similar  conditions,  the  other  parts  of  the  colon  are 
correspondingly  reduced. 

The  appendices  epiploic^,  although  generally  said  to  be  absent 
in  the  foetus,  can  be  distinctly  seen  as  early  as  the  seventh  month  ; 
at  this  date,  however,  they  contain  no  fat. 

Tcenice  coli. — The  position  of  the  three  tEenite  on  the  intestine 
is  as  follows : — On  the  ascending,  descending,  and  iliac  colons  one 
tyenia  lies  on  the  anterior  aspect  of  the  gut  and  two  behind,  one 
to  the  outer  (postero-external),  the  other  to  the  inner  side 
(postero-internal).  The  taenia  in  any  one  of  these  positions  on 
the  ascending  colon  occupies  the  corresponding  position  on  the 
descending  and  iliac  colons.  On  the  transverse  colon  their 
arrangement  is  different,  but  is  rendered  exactly  similar  by 
turning  the  great  omentum  with  the  colon  up  over  the  thorax. 
It  is  chiefly  along  the  first  of  these  (the  anterior)  that  the 
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appendices  epiploicae  are  found.  On  the  transverse  colon  in 
the  natural  position,  the  anterior  taenia  of  the  ascending  and 
descending  colons  becomes  the  posterior  (or  postero-inferior ; 
ta3nia  libra),  the  postero-external  becomes  the  anterior  (or 
omental),  and  the  postero-internal  the  superior  or  mesocolic. 
The  anterior  and  postero-external  taenia  of  the  iliac  colon 
pass  below  on  to  the  front  of  the  pelvic  colon  and  rectum. 

Cmcum. — The  ileo-Ccecal  orifice  is  generally  placed  on  the 
posterior  part  of  the  inner  aspect  of  the  csecum ;  about 
1  to  1|  inches  lower  down  is  seen  the  opening  of  the  vermiform 
appendix. 

When  hardened  in  situ  with  formalin,  the  valve  and  orifice 
present  an  appearance  entirely  different  from  that  seen  in  dried 
and  distended  specimens,  and  suggest  much  more  closely  an 
appearance  of  telescoping  of  the  small  into  the  large  bowel. 
The  two  segments  of  the  valve  are  also  much  thicker  and 
shorter,  but  they  can  always  be  made  out,  when  they  are  found 
to  bear  the  same  relation  to  one  another  as  in  the  dried  condition, 
although  this  may  be  obscured  by  folding  or  ruga3.  The  aperture 
may  be  slit-like  or  rounded,  with  sloping  or  infundibuliform 
edges ;  the  frenula  are  not  so  prominent  at  times,  but  the  whole 
valve  projects  much  more  abruptly  into  the  cavity  of  the  ctecum 
than  in  the  distended  and  dried  specimen. 

The  upper  segment  in  dried  specimens  usually  projects  into 
the  cavity  of  the  caecum  more  than  the  lower,  so  that  the 
aperture  appears  to  be  placed  between  the  edge  of  the 
lower  segment  and  the  under  surface  of  the  upper. 

There  is  a  little  doubt,  as  pointed  out  by  Symington,  that  the 
efficiency  of  the  ileo-caecal  valve  is  largely  due  to  the  oblique 
manner  in  which  the  ileum  enters  or  'invaginates '  the  caecum  ; 
this  oblique  passage  alone,  as  in  the  case  of  the  ureter  piercing 
the  wall  of  the  bladder,  would  probably  be  sufficient  to  prevent 
a  return  of  the  crecal  contents.  In  the  great  majority  of  cases, 
when  in  position  within  the  body,  the  ileum  is  perfectly  pro- 
tected from  such  a  return ;  although,  when  the  parts  are 
removed  and  distended  with  fluid,  this  often  passes  through 
the  valve  and  reaches  the  small  intestine.  Still,  the  value  of 
such  a  test,  applied  wlien  the  parts  are  deprived  of  their 
natural  support,  cannot  be  relied  upon. 
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The  position  of  the  ileo-cfecal  orifice  can  be  indicated  on  the 
surface,  as  a  rule,  by  the  point  of  intersection  of  the  intertuber- 
cular  and  Poupart  (not  mid-Poupart)  lines.  A  point  1  to  1^ 
inches  lower  would  indicate  the  orifice  of  the  appendix. 

Development  of  ccecuin  and  vemniforrrh  appendix. — The  caecum 
first  appears  in  the  embryo  at  about  the  fifth  week  (His)  as  a 
small  outgrowth  of  the  wall  of  the  primitive  gut  (mid-gut),  not 
yet  differentiated  into  small  and  large  intestines.  At  this  time 
the  outgrowth  is  of  the  same  size  throughout,  and  is  practically 
equal  to  the  intestines  in  diameter.  I  have  examined  a  number 
of  older  embryos  with  the  following  results: — About  the 
eleventh  week,  whilst  the  two  divisions  of  the  gut  are  still  of 
the  same  diameter,  it  has  increased  very  considerably  in  length 
(this  latter  being  equal  to  about  five  times  the  diameter  of  the 
intestine,  and  thus  being  relatively  as  long  as  in  the  adult), 
but  even  at  this  early  date  the  basal  portion  for  about 
one-fifth  of  its  length  is  quite  as  wide  as  the  intestine,  whilst 
the  remaining  four-fifths  of  the  outgrowth. — the  future  appendix 
— is  only  about  one-half  or  one-third  the  diameter  of  the  gut. 
From  this  it  is  seen  that,  even  at  the  tenth  or  eleventh  week  of 
foetal  life,  the  distal  portion  of  the  outgrowth,  which  subse- 
quently becomes  the  vermiform  process,  is  beginning  to  lag 
behind  in  its  development. 

The  basal  portion  continues  to  expand  with  the  gut,  the  distal 
part  grows  rapidly  in  length,  but  otherwise  enlarges  very  slowly, 
so  that  toward  the  end  of  fcetal  life  the  caecum  has  attained  a 
conical  shape,  the  wider  end  joining  the  ascending  colon,  the 
narrow  end  tapering  gradually  and  passing  into  the  vermiform 
process.  This  form,  known  as  the  infantile  type  of  caecum,  is 
retained  for  some  time  after  birth,  or  even  may  (in  two  or  three 
per  cent,  of  cases)  persist  throughout  life.  As  early  as  the  sixth 
or  seventh  month  of  fatal  life,  the  wall  of  the  terminal  portion 
of  the  small  intestine  adheres  to  the  inner  side  of  the  caecum  for 
some  distance  below  the  ileo-cffical  orifice;  indeed,  for  the 
greater  part  of  its  length.  And  this  connection,  which  is 
rendered  more  intimate  by  the  passage  of  two  folds  of  peri- 
toneum, one  on  the  front,  the  other  on  the  back  between  the 
two  parts,  profoundly  modifies  the  subsequent  growth  of  the 
caecum  and  determines  very  largely  its  adult  form.     For,  when 
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the  caecum  begins  to  expand,  the  inner  aspect  is  prevented  by 
its  connection  with  the  termination  of  the  ileum  from  enlarging 
as  freely  as  the  rest  of  this  wall ;  in  consequence  of  this,  the 
outer  part  grows  and  expands  much  more  rapidly,  producing  the 
characteristic  lop-sided  appearance  of  the  organ,  and  soon  comes 
to  form  the  lowest  part  or  fundus  of  the  caecum,  and  the  greater 
part  of  its  sac;  whilst  the  original  apex,  with  the  vermiform 
appendix  springing  from  it,  anchored,  as  it  were,  to  the  end  of 
the  ileum,  is  thrust  to  one  side,  and  finally  lies  on  the  inner  or 
inner  and  posterior  aspect  of  the  cascum,  a  little  way  below,  and 
usually  posterior  to,  the  end  of  the  ileum. 

Although  the  opening  of  the  appendix  is  usually  between 
1  and  1^  inches  below  the  ileo-c£ecal  orifice  when  seen  from  the 
interior,  viewed  from  the  exterior  the  appendix  comes  off  from 
the  inner  and  posterior  aspect  of  the  caecum  about  f  inch  below 
the  inferior  margin  of  the  ileo-caecal  junction.  The  readiest 
guide  to  the  appendix  is  the  anterior  taenia  coli,  which  is  always 
distinct. 

My  experience  agrees  with  that  of  Berry  as  regards  the 
mesentery  of  the  appendix,  which  usually  extends  to  the  tip  of 
the  process,  and  connects  this  latter  to  the  under  surface  of  that 
part  of  the  mesentery  proper  which  goes  to  the  lower  end  of  the 
ileum. 

The  appendix  is  stated  to  be  relative  to  the  rest  of  the  large 
intestine,  much  longer  in  the  child  at  birth  than  in  the  adult, 
iiibbert  makes  the  proportions  1  to  10  at  birth,  and  1  to  20  in 
the  adult.  This  difference  is,  I  believe,  excessive ;  the  proportion, 
in  my  experience,  has  been  as  1  to  16  or  17  at  birth  and  1  to  19 
or  20  in  the  adult. 

Structure  of  the  appendix. — The  submucosa,  which  is  thick,  is 
almost  entirely  occupied  by  large  masses  of  lymphoid  tissue, 
surrounded  by  sinus-like  lymph  spaces.  Owing  to  the  large 
size  of  these  lymphoid  nodules,  the  areolar  tissue  of  the 
submucosa  is  compressed  against  the  inner  surface  of  the 
muscular  coat,  and  forms  a  well  marked  fibrous  ring,  which  sends 
processes  at  intervals  between  the  lymphoid  masses  towards  the 
mucous  membrane.  The  inner  portion  of  this  fibrous  ring 
seems  to  have  been  mistaken  for  the  muscularis  mucosae, 
which  lies  internal   to    the    chief    masses    of   lymphoid    tissue, 
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and  not  outside  it  as  figured  by  Testut.  These  lymphoid 
nodules,  which  correspond  to  solitary  glands,  have,  owing  to  their 
great  number,  been  almost  completely  crushed  out  of  the 
mucosa  (in  which  they  chiefly  lie  in  the  intestine)  into  the  sub- 
mucosa.     Some  few  lymphoid  nodules  lie  in  the  mucosa  also. 

The  blood-vessels  of  the  ctecum  and  appendix  I  have  found  to 
agree  with  Jonnesco's  description.  I  have  never  been  able  to 
trace  a  branch  from  the  ovarian  artery  to  the  appendix  in  the 
female. 

Transmrse  colon. — The  state  of  the  peritoneal  covering  on  the 
first  part  of  the  posterior  surface  of  the  transverse  colon  would 
seem  to  depend  in  some  degree  on  the  extent  to  which  the  liver 
passes  downwards  on  the  right  side.  With  a  small,  high  liver, 
no  mesentery  is  present ;  on  the  other  hand,  when  the  liver  is 
enlarged  in  the  vertical  direction,  it  pushes  the  colon  downwards 
before  it,  and  brings  the  upper  line  of  the  peritoneal  reflection 
from  its  back,  into  contact  with  the  lower,  thus  giving  rise  to  a 
mesentery. 

I  can  corroborate  Jonnesco's  statement  that  the  phreno-colic 
ligament  is  developed  from  the  left  margin  of  the  great  omentum. 
The  peritoneum  of  the  splenic  flexure  is  similar  in  arrangement 
to  that  of  the  descending  colon. 

Sigmoid  Jlexurc  and  rectuin. — It  has  been  customary  to  divide 
the  portion  of  the  large  intestine  beyond  the  descending  colon 
into  sigmoid  flexure  and  rectum.  Treves  in  1885  and  Jonnesco 
in  1889  directed  attention  to  the  fact  that  no  such  loop  as  the 
classical  sigmoid  flexure  lying  in  the  iliac  fossa  was  to  be  found 
in  nature,  and  also  that  the  separation  of  the  first  portion  of  the 
rectum  from  the  sigmoid  flexure— so-called — was  both  artificial 
and  inaccurate.  They  pointed  out  that  the  'first  part  of  the 
rectum '  really  belongs  to  the  '  sigmoid  flexure,'  with  which  it  has 
everything  in  common,  and  that  on  no  grounds  can  it  be  properly 
assigned  to  the  rectum. 

An  unbiassed  study  of  the  parts  concerned,  particularly  in 
bodies  the  viscera  of  which  have  been  hardened  in  situ,  will 
leave  little  doubt,  I  believe,  that  the  old  descriptions  are  not 
only  artificial,  but  erroneous,  and  that  the  admirable  account 
of  this  part  of  the  intestine  given  by  Jonnesco  is  very  much 
more  satisfactory. 
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Jonnesco,  recognising  that  this  portion  of  the  intestine  lies 
partly  in  the  iliac  fossa  and  partly  in  the  pelvis,  very  appro- 
priately calls  the  former  portion  the  iliac  colon,  and  the  latter 
the  pelvic  colon.  The  iliac  colon  includes  the  portion  of  the 
'  sigmoid  flexure '  which  extends  from  the  crest  of  the  ilium  to 
the  inner  side  of  the  psoas  muscle  (that  is,  the  brim  of  the 
pelvis),  and  is  usually  destitute  of  a  mesentery.  The  pelvic 
colon  embraces  the  remainder  of  the  sigmoid  colon  and  the 
'  first  part  of  the  rectum,'  both  of  which  are  attached  by  a 
continuous  mesentery,  and  form  one  large  loop,  lying  as  a  rule  in 
the  pelvic  cavity,  and  ending  about  the  level  of  the  third  sacral 
vertebra  by  passing  into  the  rectum  proper,  which  is  destitute 
of  a  mesentery.  The  division  is  a  natural  one,  for,  as  Jonnesco 
points  out,  the  pelvic  colon  forms  a  free  loop  with  a  long 
mesentery,  whilst  the  part  that  precedes  it — the  iliac  colon — and 
the  part  which  succeeds  it — the  rectum — are  fixed,  and  devoid 
of  a  mesenteries. 

The  pelvic  colon,  beginning  at  the  inner  edge  of  the  psoas, 
plunges  over  the  brim  into  the  pelvic  cavity,  on  the  floor  of 
which  it  runs,  as  a  rule,  to  the  right  and  backwards,  resting  on 
the  upper  surface  of  the  bladder ;  having  reached  the  back  of 
the  pelvis  it  turns  to  the  left  towards  the  middle  line,  where  it 
bends  down — forming  a  recto-colic  flexure — and  passes  into  the 
rectum. 

The  loop  of  the  pelvic  colon  is  subject  to  numerous  and  con- 
siderable variations,  which  are  chiefly  dependent  upon  its  length 
and  that  of  its  mesentery,  and  the  state  of  emptiness  or  disten- 
sion of  itself  and  the  other  pelvic  viscera.  When  the  intestine 
is  long,  the  loop  is  more  complex ;  when  short,  more  simple. 
When  the  bladder  and  rectum  are  distended,  or  when  the 
pelvic  colon  itself  is  much  distended,  it  is  unable  to  find 
accommodation  in  the  true  pelvis,  and  consequently  it  turns  up 
into  the  abdominal  cavity,  almost  any  part  of  the  lower  half  of 
which  it  may  occupy.  But  in  the  great  majority  of  cases  (92 
per  cent,  according  to  Jonnesco)  it  is  found  after  death  lying 
entirely  within  the  pelvic  cavity. 

As  the  tsenicC  of  the  descending  colon  are  followed  down,  it 
will  be  found  that  the  postero-external  gradually  passes  on  to 
the  front,  and  unites  with  the  anterior  taenia  to  form  a  broad 
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baiid,  which  occupies  nearly  the  whole  width  of  the  anterior 
aspect  in  the  lower  portion  of  the  pelvic  colon.  The  postero- 
internal taenia  spreads  out  in  a  similar  manner  on  the  back,  so 
that  in  the  lower  half  of  this  colon  the  longitudinal  layer  of  the 
muscular  coat  is  complete,  with  the  exception  of  a  narrow  part 
on  each  side;  here,  the  circular  fibres  come  to  the  surface,  and 
the  intestine  presents  a  series  of  small  sacculations.  These, 
however,  disappear,  and  the  longitudinal  fibres  form  a  con- 
tinuous layer  all  round  as  the  rectum  proper  is  approached. 

The  Rectum. 

The  rectum,  following  Jonnesco's  division,  may  be  described 
as  the  comparatively  dilated  portion  of  the  bowel  between  the 
pelvic  colon  above  and  the  anal  canal  below.  Normally,  it 
probably  forms  only  a  temporary  reservoir,  in  which  the  fseces 
accumulate  a  short  time  before  defaecation  takes  place ;  as  a 
result  of  habit,  however,  this  temporary  function  may  be  con- 
verted into  a  more  or  less  permanent  one. 

Although  Jonnesco  states  that  the  rectum  begins  (that  is, 
the  pelvic  mesocolon  ends)  most  frequently  opposite  the  disc 
between  the  third  and  fourth  sacral  vertebra,  it  has  been  my 
experience  that  the  rectum  commences  more  frequently  above 
than  below  the  third  piece  of  the  sacrum.  It  ends  opposite 
the  lower  and  back  part  of  the  prostate  in  the  male,  or  at  a 
point  1^  inches  in  front  of,  but  at  a  lower  level  than,  the  tip  of 
the  coccyx  in  both  sexes,  where  the  bowel  bends  abruptly  down- 
wards and  backwards,  and  piercing  the  pelvic  floor  passes  into 
the  anal  canal.  Its  general  direction  is  downwards,  but  at  its 
upper  end,  following  the  curve  of  the  rectum,  it  also  slopes 
slightly  backwards  ;  its  middle  portion  is  practically  vertical,  but 
the  terminal  third  or  more  is  directed  downwards  and  forwards 
at  an  angle  varying  from  45°  to  60°  with  the  horizontal.  The 
pelvic  floor  upon  which  it  rests  forms  here  a  similar  angle  with 
the  horizontal.  The  bend  which  the  bowel  forms  behind  the 
lower  end  of  the  prostate  where  the  rectum  passes  into  the  anal 
canal  is,  as  pointed  out  above,  abrupt,  and  usually  approaches  a 
right  angle,  so  that  the  anal  canal  itself  slopes  downwards  and 
backwards  at  an  angle,  as  a  rule,  of  from  30  to  45  degrees  with 
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the  horizontal.  Not  uncommonly  this  latter  curve  represents 
a  knuckle-like  projection,  as  seen  on  mesial  section,  immediately 
aV>ove  the  anal  canal.  This  is  most  marked  in  females,  and  some- 
times appears  as  if  the  anterior  wall  of  the  bowel  were  doubled 
back  upon  itself  at  this  point.  The  floor  of  the  cul-de-sac  thus 
formed  may  dip  down  in  front,  even  below  the  level  of  the 
upper  aperture  of  the  anal  canal.  This  condition  is  most 
common  in  multipara,  and  is  evidently  due  to  the  relaxed  con- 
dition of  the  pelvic  structures,  the  slight  support  afforded  by  the 
perineal  body  to  this  part  of  the  gut,  and  the  great  capacity 
and  shallowness  of  the  pelvis  in  these. 

Although  the  sacculations  which  are  so  characteristic  of  the 
large  intestine  cannot  properly  be  said  to  exist  in  the  rectum, 
still  it  presents  certain  well  marked  inflexions  which  have  been 
described  as  lateral  sacculations  (Otis).  The  term  '  sacculations  ' 
should,  I  think,  be  reserved  for  localised  dilatations  engaging  a 
part  only  of  the  wall  of  the  gut ;  if  this  is  so,  it  cannot  properly 
be  applied  to  the  condition  found  in  the  rectum,  which  really 
presents  a  series  of  flexures  involving  the  whole  tube,  and 
including  in  their  inflexions  the  longitudinal  muscular  flbres. 
When  viewed  from  the  front,  the  rectum  is  seen  to  be  regularly 
folded  from  side  to  side  in  a  zigzag  fashion,  the  folding  being 
slightly  marked  when  the  rectum  is  empty,  but  becoming  much 
more  distinct  with  distension.  In  other  words,  when  viewed  from 
the  front,  this  division  of  the  bowel  presents  in  the  majority  of 
cases  three  more  or  less  distinct  flexures.  Of  these,  the  upper 
and  lower  have  their  concavities  directed  to  the  left  as  a  rule  ; 
the  third  flexure,  which  is  the  best  marked  of  the  three,  lies 
between  the  other  two,  but  on  the  right  side.  Not  infrequently, 
however,  two  flexures  are  on  the  right  and  one  on  the  left. 
There  are  thus  produced  three  lateral  inflections  of  the  tube 
as  it  passes  from  side  to  side,  each  of  which  appears  on  the  ex- 
terior as  a  transverse  crease  or  angle,  whilst  in  the  interior  they 
project  into  the  cavity  of  the  bowel  as  three  prominent  cres- 
centic  shelves,  known  as  the  rectal  valves  (plicte  transversales 
recti ;  valves  of  Houston  or  Kohlrausch),  which  help  to  support 
the  fftical  contents  when  the  rectum  is  distended. 

The  rectum  in  animals  generally  is  free  from  these  inflections, 
and  the  condition  found  in  man  is  evidently  an  adaptation  to  the 
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erect  attitude.  In  quadrupeds  the  contents  of  the  rectum  do  not 
press  unduly  on  the  sphincter,  owing  to  the  horizontal  position 
of  the  body.  With  the  assumption  of  the  erect  attitude,  on  the 
other  hand,  the  whole  weight  of  the  contents  would  be  thrown 
on  the  sphincters  were  it  not  for  the  lateral  foldings  and  the 
resulting  shelves  which  break  up  the  contained  mass  into  seg- 
ments, each  supported  by  the  corresponding  rectal  valve. 

As  pointed  out  by  W.  Otis,  this  folding — or  alternate 
sacculation  of  the  sides,  as  he  considers  it  to  be — is  maintained 
by  the  arrangement  of  the  longitudinal  muscular  fibres,  the 
majority  of  which  are  accumulated  in  the  form  of  two  wide 
bands,  one  in  front,  the  other  on  the  back  of  the  bowel.  At 
the  same  time  it  should  be  pointed  out  that  longitudinal  fibres 
are  found  in  abundance  at  the  sides  also,  where  they  dip  into 
the  angles  formed  by  the  Hexures,  in  this  differing  from  the 
condition  present  in  the  colon. 

Another  purpose  served  by  these  foldings  is  to  greatly  increase 
the  capacity  of  the  rectum  without  unduly  dilating  the  tube. 
When  the  rectum  is  empty  its  course  is  comparatively  straight, 
its  lateral  flexures  being  but  slightly  marked,  and  its  whole 
calibre  very  much  reduced.  In  this  condition  it  occupies  only 
a  small  portion  of  the  posterior  division  of  the  pelvic  cavity 
near  the  mesial  plane.  At  each  side,  between  it  and  the  lateral 
wall  of  the  pelvis,  is  a  large  fossa  of  the  peritoneum  (the  '  para- 
rectal fossa '),  which  when  the  bowel  is  empty  contains  a 
mass  of  small  intestine  or  pelvic  colon.  When  the  rectum  is 
distended,  the  lateral  flexures  become  much  more  marked,  and 
projecting  alternately  to  each  side,  they  pass  out  beneath  the 
peritoneum,  obliterating  the  pararectal  fossa,  and  fill  the  greater 
part  of  the  posterior  division  of  the  pelvis, — a  condition  which 
could  not  be  brought  about  with  a  straight  rectum  without  an 
enormous  increase  in  all  the  diameters  of  the  tube. 

In  length,  the  rectum  measures  about  5  or  6  inches.  Its 
diameter — which  is  least  above — is  about  1  inch  when  the 
bowel  is  empty,  but  it  may  be  as  much  as  3  inches  in  extreme 
distension. 

It  is  of  interest  to  notice  that  the  connection  of  the  peritoneum 
to  the  rectum  varies  in  its  different  parts  ;  above  and  in  front 
it  is  closely  adherent,  and  can  be  removed  only  with  the  greatest 
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difficulty.  At  the  sides  and  below,  the  connection  is  much 
looser.  As  a  result,  the  peritoneum  can,  without  much  difficulty, 
be  stripped  off  the  rectum  in  its  lower  third  or  half,  whilst  in 
its  upper  portion  this  is  not  the  case.  This  arrangement  allows 
of  the  free  expansion  of  the  lower  part  of  the  rectum  (rectal 
ampulla),  without  its  being  in  any  way  hampered  by  its  partial 
peritoneal  coat. 

The  seminal  vesicles,  unless  when  of  small  size,  slope 
outwards  and  backwards  around  the  front  and  sides  of  the 
rectum,  which  they  thus  embrace,  as  it  were,  within  their 
grasp. 

Structure  of  the  rectum. — The  longitudinal  muscular  fibres, 
although  present  all  round,  are  chiefly  accumulated  on  the  front 
and  back  of  the  tube,  where  they  form  two  broad  bands ;  at  the 
sides  they  form  a  thinner  layer,  and  the  deepest  of  them  are  folded 
in,  and  take  part  in  the  formation  of  the  rectal  valves  in  the 
interior  of  the  bowel.  Where  the  rectum  pierces  the  floor  of  the 
pelvis,  this  layer  appears  to  be  united  to  the  deeper  portion  of 
the  levator  ani,  partly  by  tendinous  fibres  and  partly  by  an 
interchange  of  muscular  fibres  between  the  levator  ani  and  the 
muscular  coat  of  the  rectum.  (This  interchange  of  fibres,  how- 
ever, is  denied  by  Peter  Thompson  and  Browning.) 

The  mucous  membrane  of  the  rectum  presents  to  the  naked 
eye  a  characteristic  punctated  appearance,  which  is  due  to  the 
presence  of  a  considerable  number  of  large  round  pits,  such  as 
might  be  made  by  pressing  a  finely  pointed  pencil  firmly  against 
the  mucous  membrane.  I  am  not  acquainted  with  any  previous 
description  of  these  pits,  which  are,  I  believe,  constant  features 
of  the  mucous  membrane  of  the  rectum.  Each  pit  is  lined  by  a 
continuation  of  the  mucous  membrane  provided  with  obliquely- 
placed  Lieberkilhn's  glands,  and  in  the  mucosa  at  the 
bottom  of  the  pit  is  a  mass  of  lymphoid  tissue,  the  whole 
appearance  being  such  as  might  be  produced  were  a  solitary 
gland  pulled  down  from  the  svn^face  into  the  substance  of  the 
intestinal  wall. 

Anal  Canal. 

The  anal  canal,  so  well  described  by  Symington,  results  from 
the    nipping   in    of   the    lower   end  of  the  bowel  between  the 
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mesial  borders  of  the  two  levatores  ani,  as  between  the  two 
limbs  of  a  clamp.  When  the  distended  rectum  is  cut  across 
near  its  lower  end,  and  the  anal  canal  examined  from  the  interior 
in  a  hardened  body,  a  distinct  projection  formed  by  the  inner 
border  of  the  levator  ani  (pubo-rectalis,  or  sphincter  recti  portion) 
is  seen  on  each  side,  indicating  the  upper  limit  of  the  canal 
These  ridges  can  also  be  felt  during  life  by  the  finger  introduced 
into  the  rectum  (Cripps). 

The  columns  of  Morgagni,  which  are  placed  in  the  upper 
and  part  of  the  middle  thirds  of  the  anal  canal,  are  permanent 
folds,  not  effaceable  ones  as  often  described.  I  have  found 
them  present  in  the  foetus  of  the  third  or  fourth  month,  as  are 
also  the  valves  of  Houston. 

It  is  very  difficult  to  say  how  much  of  the  anal  canal  is 
formed  from  the  proctodasal  invagination ;  Ball's  view  that  the 
anal  valves  are  the  remains  of  the  anal  membrane,  and  that  all 
below  them  is  proctodeeal,  has  much  to  commend  it.  He  bases 
this  view  largely  on  the  fact  that  the  anal  valves  have  squamous 
epithelium  on  their  surface  and  columnar  epithelium  above. 
The  character  of  the  epithelium  alone  must  not  be  considered 
conclusive,  for  the  stomodteum,  at  the  opposite  end  of  the 
intestinal  canal,  gives  rise  to  the  columnar  epithelium  of  the 
nose.  Besides,  Jonnesco  states  that  whilst  the  epithelium 
covering  the  grooves  between  the  columns  of  Morgagni  is 
columnar,  that  of  the  columns  themselves  is  squamous. 

Ball  and  others  limit  the  term  '  anal  canal '  to  the  portion  of 
the  passage  below  the  anal  valves,  on  the  ground  that  only  so 
much  is  developed  from  the  proctodseum.  I  think  the  division 
given  originally  by  Symington  is  more  satisfactory,  for  two 
reasons.  In  the  first  place,  the  term  '  anal  canal '  or  passage  is  a 
purely  physiological,  not  an  embryological  one,  and  the  correct- 
ness of  its  application  does  not  depend  on  the  condition  in  the 
embryo;  and  secondly,  it  has  not  yet  been  shown  definitely 
hov^  much  of  the  canal  is  formed  from  the  proctodeum. 
Should  it  be  proved  that  Ball's  view  is  correct,  then  this  part 
might  be  known  as  the  proctodseal  canal,  or  the  proctoda^al 
portion  of  the  anal  canal.  The  term  '  anal  canal '  should  be 
applied  to  the  whole  canal  or  passage  leading  from  the  rectal 
cavity  to  the  surface. 
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Action  of  the  Levator  Ani  and  of  the  Sphincters. 

Levator  ani. — The  fibres  of  the  levator  which  arise  from  the 
pubes  (pubo-coccygeus  or  sphincter  recti  portion)  pass  back- 
wards on  each  side  of  the  upper  part  of  the  anal  canal,  and  in 
great  part  meet  behind  the  passage.  These  two  muscular  bands, 
which  are  quite  close  to  one  another  at  their  origin,  and  are 
actually  united  behind  the  bowel,  during  the  contraction  of  the 
muscles  are  more  closely  approximated,  like  the  limbs  of  a  clamp, 
and,  pressing  on  the  sides  of  the  anal  canal,  they  assist  in  closing 
the  upper  part  of  that  orifice,  whilst  at  the  same  time  drawing 
it  slightly  towards  the  pubes.  There  is  little  doubt  that  this 
part  of  the  levator  ani,  in  this  way,  acts  as  one  of  the  chief — if 
not  the  chief — sphincters  of  the  bowel;  and  it  should  be  noticed 
that  it  is  placed  where  its  action  would  be  most  effective, 
namely,  opposite  the  point  at  which  the  rectum  is  narrowed  or 
'pinched  in'  to  form  the  anal  canal.  It  is  probably  relaxed 
during  defa3cation,  except  perhaps  at  the  completion  of  the  act. 

The  external  sphincter  forms  a  muscular  cylinder  around  the 
lower  two-thirds  of  the  anal  canal,  with  (except  in  the  case  of 
some  of  its  inner  fibres)  an  anterior  and  a  posterior  attachment. 
When  the  muscle  contracts,  its  fibres  are  tightly  stretched 
between  their  anterior  and  posterior  attachments,  and  the  space 
between  them  is  reduced  to  a  narrow  antero-posterior  slit.  By 
this  action  the  anal  canal  is  flattened  from  side  to  side  and 
closed,  so  that  whilst  the  levator  ani  is  the  sphincter  of  the 
upper  aperture  of  the  anal  canal,  the  external  sphincter  closes 
its  lower  and  greater  part. 

The  internal  sphincter  is  continuous  with  the  circular  fibres 
of  the  gut,  not  only  in  structure  but  probably  also  in  action,  its 
chief  use  being  to  empty  the  anal  canal  completely  after  the 
passage  of  each  faecal  mass.  Owing  to  the  fact  that  the  canal  is 
an  antero-posterior  slit,  not  a  circular  orifice,  and  that  the 
internal  sphincter  forms  a  muscular  ring  around  it,  acting  alone, 
it  is  scarcely  competent  to  keep  the  sides  of  the  canal  in  ap- 
position, and  probably  it  acts  rather  as  a  detrusor  than  a  true 
sphincter  of  the  anal  passage. 
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Liver. 

The  large  number  of  s^^rfaces  enumerated  on  this  organ 
render  the  description  of  the  liver  much  more  complicated,  with- 
out, I  think,  in  any  way  affording  great  counterbalancing  advan- 
tages, particularly  as  the  student  is  inclined  to  attribute  an 
equal  value  to  every  surface.  I  have  sought  for  some  natural 
method  of  combining  or  connecting  these  surfaces,  and  1  have 
come  to  the  conclusion  that  the  liver  may  be  most  simply 
described  as  possessing  two  chief  surfaces,  namely,  a  parietal, 
convex  in  general  outline,  which  fits  into  the  vault  of  the 
diaphragm,  and  a  visceral  surface,  irregular  in  form,  which  looks 
downwards,  backwards,  and  to  the  left,  and  rests  upon  the 
abdominal  viscera.  The  former  of  these  two  surfaces — which 
may  be  taken  as  equivalent  in  value  but  not  in  size — can  be 
further  subdivided  into  superior,  posterior,  right  and  anterior 
areas,  corresponding  to  the  same  named  surfaces  of  Symington. 

From  a  study  of  hardened  specimens,  it  is  seen  that  the  mass 
of  the  right  lobe  lies  chiefly  in  an  antero-posterior  direction,  its 
thick  posterior  part  fitting  into  the  wide  groove  at  the  side  of 
the  vertebral  column,  and  its  long  axis  running  from  behind 
forward  and  a  little  inward.  The  left  lobe  leading  off  from  the 
anterior  part  of  the  right  lobe  is  folded  across  the  front  of  the 
vertebral  column  and  great  vessels,  its  long  axis  running 
transversely,  but  it  does  not  pass  back  at  the  side  of  the  column 
like  the  right  lobe,  so  that  there  is  no  real  notch,  as  usually 
described,  at  the  back  of  the  liver  for  the  vertebral  column,  but 
merely  an  angle  formed  by  the  meeting  of  the  two  lobes,  coming 
from  different  directions.  In  other  words,  viewed  from  above,  the 
long  axis  of  the  two  lobes  meet  almost  at  a  right  angle,  the  one 
running  almost  antero-posteriorly,  tlie  other  transversely.  The 
whole  liver  is  bent  or  folded  as  it  were  around  the  longitudinal 
fissure,  in  such  a  way  that  a  considerable  portion  of  the  free 
surface  of  the  two  lobes  come  in  contact  at  the  fissure.  There 
is  thus  formed  on  the  inferior  and  posterior  surfaces  a  deep 
cleft  (fully  one  inch  in  depth),  at  the  bottom  of  which  lie  the 
remains  of  the  umbilical  vein  and  the  ductus  venosus. 

The  limits  of  the  normal  liver  may  be  marked  out  on  the 
surface  of  the    body    witli    sufficient  accuracy  for  all  ordinary 
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purposes  by  the  following  methods: — Three  points  are  deter- 
mined; (a)  a  half  inch  (12  mm.)  below  the  right  nipple;  (6)  an 
inch  (25  mm.)  below  the  left  nipple ;  and  (c)  an  inch  (25  mm.) 
below  the  right  margin  of  the  thorax  (or  below  the  tip  of  the 
tenth  rib).  If  the  two  '  nipple  points '  {a)  and  (5)  be  joined 
by  a  line  slightly  convex  upwards  on  each  side  but  a  little  de- 
pressed at  the  centre,  corresponding  to  the  position  of  the  heart, 
and  crossing  the  sternum  about  the  level  of  the  sixth  cartilage, 
this  will  mark  the  upper  hmit.  A  line  concave  inwards  from 
the  right  nipple  point  a  to  the  subcostal  point  c  will 
indicate  the  right  limit ;  and  a  line  slightly  convex  downwards 
from  the  subcostal  point  c  to  the  left  nipple  point  h  will  mark 
the  lower  limit. 

The  vertical  grooves  often  found  in  front  and  on  the  right  of 
the  liver  along  the  ridge  which  separates  the  anterior  and  right 
areas  of  the  parietal  surface  from  the  superior  area  are  appar- 
ently due  to  a  wrinkling  or  an  irregular  contraction  of  the 
diaphragm — at  least,  ridges  of  the  diaphragm  are  found  lying  in 
the  grooves,  in  hardened  bodies,  and  they  apparently  give  rise 
to  them. 

Spigelian  lohe. — The  upper  end  of  this  lobe  is  separated  from 
the  superior  area  of  the  parietal  surface  by  the  meeting  of  the 
vena  cava  and  the  fissure  of  the  ductus  venosus  in  front  of  it. 
Lower  down  the  two  do  not  meet,  but  they  are  separated  only 
by  a  narrow  portion  of  liver  substance  which  connects  the 
Spigelian  to  the  right  lobe.  In  the  hardened  liver  only  the 
posterior  surface  of  the  Spigelian  lobe  is  seen  on  the  surface ;  its 
anterior  surface  is  hidden  by  the  folding  of  the  left  lobe  across 
its  front.  There  is  thus  formed  a  deep  fissure  bounded  behind  by 
the  anterior  surface  of  the  Spigelian  lobe,  and  in  front  by  the 
adjacent  part  of  the  left  lobe,  at  the  bottom  of  which  will  be 
found  the  remains  of  the  ductus  venosus.  The  anterior  surface 
of  the  Spigelian  lobe  is  easily  displayed  when  the  liver  is  in  situ, 
by  tearing  through  the  layers  of  the  lesser  omentum,  and  then 
dividino-  the  lateral  ligament  and  drawing  the  left  lobe  forwards. 
When  the  ordinary  soft  liver  of  the  dissecting-room  is  removed, 
the  left  lobe  falls  away  from  this  surface,  the  fissure  of  the 
ductus  venosus  opens  out,  and  the  Spigelian  lobe  becomes  very 
much  more  prominent. 
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The  oesophageal  groove,  as  already  pomted  out,  lies  as  a  rule 
in  eontact  with  the  prominent  right  or  anterior  margins  of  the 
oesophageal  orifice  of  the  diaphragm — sometimes  perhaps  with 
the  oesophagus  itself. 

Portal  fissure. — When  the  liver  is  in  the  body  or  when  hard- 
ened before  removal,  this  fissure,  instead  of  appearing  as  a  wide 
shallow  depression,  has  the  form  of  a  narrow  cleft,  with  a  depth 
of  I  to  1  inch.  This  form,  as  in  the  case  of  the  umbilical  fissure 
and  that  of  the  ductus  venosus,  results  from  the  folding 
together  of  the  portions  of  the  liver  bounding  the  fissure. 
At  the  hottom  of  the  fissure  the  right  and  left  hepatic  ducts 
unite  to  form  the  hepatic  duct  proper ;  at  its  mouth,  this  latter 
unites  with  the  cystic  duct  to  form  the  common  bile-duct. 

Renal  wijnrssion. — In  many  specimens  of  hardened  livers, 
this  impression  belongs  rather  to  the  posterior  than  the 
inferior  surface  of  the  liver. 

Like  the  portal  fissure,  the  umbilical  fissure  and  the  fissure  of 
the  ductus  venosus  are  deep  clefts — deeper  still  than  the 
portal — formed  by  the  folding  over  of  the  left  lobe  against  the 
right,  as  already  explained.  To  -these  three  only  can  the  term 
fissure  be  properly  applied.  The  depressions  for  the  cava  and 
the  gall-bladder,  often  called  fissures,  are  more  properly  known 
as  fossse.  In  the  Anatomische  Nomenclatur  all  five  are  known  as 
fossse,  a  term  not  at  all  applicable  to  the  first  three. 

The  attachment  of  the  left  lateral  ligament  to  the  diaphragm 
lies  nearly  altogether  to  the  left  of  the  oesophageal  orifice,  and 
about  I  inch  (18  mm.)  in  front  of  the  line  of    this  opening. 

Very  often,  too,  it  is  directed  from  the  diaphragm  backwards 
to  its  hepatic  attachment. 

Hejjatic  duct. — As  a  rule,  five  or  six  ducts  leave  the  liver  at 
the  bottom  of  the  portal  fissure  ;  these  generally  unite  into  right 
and  left  main  ducts ;  sometimes,  on  the  other  hand,  they  all 
converge  towards  and  unite  at  the  beginning  of  the  hepatic  duct. 
It  is  interesting  to  note  that  the  ducts  from  the  Spigelian 
and  caudate  lobes  join  the  left  main  duct.  Formed  at  the 
bottom  of  the  portal  fissure,  the  hepatic  duct  lies  practically 
altogether  within  that  fissure,  and  joins  the  cystic  duct  at  its 
mouth  to  form  the  common  bile-duct. 

The  cystic  duct  is  usually  somewhat  longer  than  the  hepatic  ; 
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the  former  measures  from  1|  to  1^  inches,  the  latter  from  1  to 
Ij-  inches. 

Pancreas. 

The  neck  (specially  described  by  Symington)  forms  as  distinct 
and  definite  a  division  as  any  other  portion  of  the  gland.  The 
omental  tuberosity  is  very  rarely,  if  ever,  I  think,  as  large,  when 
normal,  as  is  represented  in  His's  model,  which  appears  to 
have  been  prepared  from  an  imperfectly  hardened  pancreas. 
Generally,  the  tuberosity  is  insignificant,  and  is  probably  due  to 
the  pressure  of  the  duodeno-jejunal  flexure  below,  and  of  the 
suspensory  muscle  of  Treitz  behind,  on  this  part  of  the  gland. 
When  the  stomach  is  empty  and  contracted,  the  tuberosity  will 
often  be  found  not  above  the  lesser  curvature,  but  projecting 
below  the  pyloric  part  of  the  great  curvature. 

I  can  see  no  reason  for  altering  the  description  of  the  surfaces 
and  borders  of  the  pancreas  which  I  have  already  given  in  tlvk 
JouT'iml} 

I  have  never  failed  to  find  an  accessory  pancreatic  duct  joining 
the  duodenum  in  any  case  in  which  I  have  made  a  thorough 
search  for  it.  It  opens  into  the  duodenum  about  |  inch  above, 
and  somewhat  in  front  of  {i.e.  ventral  to),  the  pancreatic  duct. 
From  the  duodenum  it  runs  to  the  left  and  downwards,  and  soon 
divides  into  two  or  more  branches,  one  of  which  joins  the 
pancreatic  duct ;  the  others  pass  down  and  receive  the  ducts 
from  the  lower  part  of  the  head. 

The  blood-vessels  of  the  pancreas  are,  as  a  rule,  very  loosely 
described.  The  following  account  gives  briefly  the  average  of 
several  dissections : — The  superior  (or  anterior)  2^^>^creatico- 
duodenal  artery  runs  down  on  the  front  of  the  head,  sending 
branches  outwards  to  the  duodenum,  as  well  as  numerous  twigs 
into  the  substance  of  the  pancreas.  (2)  The  inferior  (or  posterior) 
pancreatic  duodenal — a  branch  of  the  upper  part  of  the  superior 
mesenteric  artery — runs  upwards  and  to  the  right  across  the 
back  of  the  head  of  the  pancreas,  and  sends  branches  to  it  and 
to  the  duodenum,  one  of  which  runs  between  the  head  and  the 
duodenum.     These  two  arteries  anastomose  by  several  branches 
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around  the  inferior  border  of  the  head.  (3)  The  inferior  pancreatic 
branch  of  the  superior  mesenteric  (or  sometimes  of  the  gastro- 
duodenal)  artery,  is  a  considerable  branch  which  arises  along  with 
or  near  the  last ;  it  runs  along  the  lower  border  of  the  pancreas, 
often  even  as  far  as  its  tail.  (4)  The  j^ccncreatic  branches  of  the 
splenic,  three  to  five  in  number,  are  fair-sized  branches  which 
enter  the  pancreas  immediately,  and  traverse  its  substance 
from  above  downward.  (5)  '^vndAl  pancreatic  branches  also  arise 
from  the  hepatic,  whilst  it  rests  on  the  upper  part  of  the  gland, 
which  they  enter  immediately.  The  pancreatica  magna,  which 
is  described  as  accompanying  the  duct,  does  not  seem  to  exist  ; 
at  least,  I  have  often  sought,  but  never  found  it. 

The  veins  are  (1)  an  anterior  (or  inferior)  pancreatico-duodenal 
which  passes  down  and  to  the  left  on  the  front  of  the  head, 
and  joins  the  superior  mesenteric  ;  (2)  a  posterior  pancreatico- 
duodenal, which  crosses  the  back  of  the  head  and  opens  into 
the  portal ;  (3)  several  small  pancreatic  veins  which  join  the 
splenic. 

Peritoneum. 

Professor  Waldeyer  has  described  under  the  name  of  para- 
vesical fossa  a  depression  seen  at  each  side  of  the  empty  bladder. 
This  depression,  which  is  crossed  by  a  fold  of  peritoneum — 
plica  vesicalis  transversa — is  obliterated  by  distension  of  the 
bladder,  and  disappears  as  a  fossa.  My  hardened  specimens  agree 
pretty  closely  with  Waldeyer's  description  of  the  paravesical 
fossa,  and  the  same  remark  applies  to  his  fossa  obturatoria,  but 
I  do  not  think  that  he  has  completely  disposed  of  the  portion  of 
the  peritoneum  which  lies  behind  the  line  of  the  ureter.  As, 
however,  I  hope  to  return  to  this  subject  in  a  future 
communication,  I  shall  only  refer  to  a  very  distinct  fossa  seen 
on  the  posterior  wall  of  the  pelvis,  at  each  side  of  the  empty 
rectum,  which  I  have  described  as  the  para-rectal  fossa.  It 
corresponds  exactly  in  its  characters  to  the  para-vesical  fossa, 
and,  like  it,  it  disappears  when  the  rectum  is  distended.  I 
have  already  referred  to  it  in  connection  with  the  rectum. 

The  arrangement  of  the  mesentery  has  already  been  described 
under  the  heading  of  small  intestine,  and  the  left  lateral  liga- 
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ment  of  the  liver  has  been  referred  to  in  connection  with  the 
liver.  As  regards  the  coronary  ligament  of  the  liver,  I  would 
point  out  that  the  area  enclosed  by  this  structure  is  three-sided, 
and  that  the  ligament  is  made  up  of  three  layers,  an  upper  and 
a  lower,  as  usually  described — the  former  passing  from  the  back 
of  the  right  lobe  to  the  diaphragm,  the  latter  from  the  back 
of  the  same  lobe  to  the  diaphragm  and  right  kidney.  The  third 
or  left  layer  passes  from  the  diaphragm  to  the  liver  along  the 
right  margin  of  the  Spigelian  lobe,  and  is  nearly  vertical  in 
position. 

I  do  not  think  that  the  attachment  of  the  left  or  posterior 
portion  of  the  lesser  omentum  is  accurately  shown  in  any 
illustration  or  model  with  which  I  am  acquainted.  This 
attachment  can  only  be  seen  when  the  left  and  Spigelian  lobes 
are  separated,  for  it  takes  place  at  the  bottom  of  the  fissure  of 
the  ductus  venosus — not  on  the  surface  where  the  left  and 
Spigelian  lobe  meet  behind,  as  usually  shown.  In  other  words, 
the  omentum  is  buried  to  a  depth  of  over  1   inch  in  the  fissure. 

I  have  nothing  to  add  to  Jonnesco's  description  of  the  peri- 
toneal fossse  around  the  duodenum,  nor  to  the  account  of  the 
pericecal  fossas  given  by  Berry ;  both  of  which  are  accurate 
and  exhaustive. 
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THE  FEEQUENCY  OF  AN  OPENING  BETWEEN  THE 
EIGHT  AND  LEFT  AUETCLES  AT  THE  SEAT  OF 
THE  F(ETAL  FOEAMEN  OVALE.  By  Prof.  E.  Fawcett, 
Univ.  Coll.,  Bristol,  and  Dr  J.  V.  Blackford,  City  and 
County  Asylum,  Bristol. 

This  is  an  investigation  commenced  two  years  before  the  sul)ject 
was  taken  up  by  the  Anatomical  Society.  As  the  report  of  that 
Society  was  issued  long  before  our  investigation  could  lead  us 
to  any  conclusion  worth  recording,  we  have  used  that  report  as 
a  convenient  standard  for  comparison  ;  and  as  that  report  deals 
with  399  cases,  and  we  have  dealt  with  306  cases,  we  are,  by 
combining  the  two,  able  to  present  conclusions  based  on  examina- 
tions of  705  hearts. 

We  ourselves  have  not  examined  any  hearts  of  which  the  age 
was  under  ten  years,  as  all  the  examinations  were  made  in  the 
post-mortem  room  of  the  Bristol  Asylum.  In  all,  we  examined 
306  hearts,  173  of  which  were  from  males  and  133  were  from 
females.  We  found  that  out  of  306  specimens  there  was  a  patent 
foramen  ovale  in  96  (31-37  per  cent.).  In  173  male  hearts  there 
was  a  foramen  in  51  (29-47  per  cent.).  In  133  females  the 
foramen  was  met  with  45  times  (33-83  per  cent.).  Giving  these 
figures  in  table  we  get — 

Table  I. — Freqicency  of  Patent  Foramen  Ovale. 

1.  In  all  cases  (306) 96    =    31-37  per  cent. 

2.  In  males      (173) 51    =    29-47 

3.  In  females  (133) 45    =    3383* 

One  might  conclude  that  patency  was  more  common  in  females 
than  males  from  this  table,  and  as  a  matter  of  fact  that  con- 
clusion is  drawn  in  the  Anatomical  Society's  report.  We  leave 
that  an  open  question,  as  in  both  cases  the  number  of  females 
examined  is  less  than  that  of  males,  and  our  experience  is  that 
accurate  conclusions  can  only  be  drawn  when  the  numbers 
coincide. 
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We  next  give  a  table  comparing  our  results  with  those  of  the 
Anatomical  Society,  the  results  of  the  latter  being  given  in 
brackets. 


Table  Ia. 

Cases.  Combined. 

1.  In  all  cases,  306  (399)  =    705  .  . 

2.  In  males,       173  (248)  =    421   .  . 

3.  In  females,    133  (151)  =    284  .  . 


Percentage.  Combined. 

31-37  (26)  =    28-36 

29-47  (24-2)  =    26-3 

33-83  (29)  =    31-3 


We  may  now  consider  the  effect  of  age  on  the  patency  of  the 
foramen  ovale.  Here  we  may  say  that  the  age  was  determined 
in  all  cases  save  one  male.  In  the  table  subjoined  we  give  the 
results  of  our  own  investigations  side  by  side  with  that  of  the 
Anatomical  Society.  The  Eoman  letters  A.S.  indicate  Ana- 
tomical Society. 


Table  II. — Influence  of  A;/e  on  Foramen  Ovale. 


Male. 

Female. 

Com- 

Com- 

bined 

bined 

Age. 

Cases. 

Patent. 

Percentage. 

Per- 

Cases. 

Patent. 

Percentage. 

Per- 

cent- 

cent- 

age. 

age. 

A.  s. 

A.  S. 

A.  S. 

A.  S. 

A.S. 

A.  S. 

10-20 

3 

15 

0 

4 

0- 

26-6 

22-2 

3 

15 

3 

3 

100- 

20- 

33-3 

20-30 

10 

20 

4 

5 

40- 

25- 

30- 

16 

26 

6 

6 

37-5 

23- 

28-5 

30-40 

38 

30 

9 

/ 

23-6 

23-3 

23-5 

20 

25 

7 

5 

35- 

20- 

26-6 

40-50 

35 

41 

10 

12 

28-5 

29-2 

28-9 

23 

31 

6 

5 

26- 

16-1 

20-3 

.50-60 

27 

35 

11 

8 

40-7 

22-8 

30-6 

27 

21 

9 

4 

33-3 

19- 

27-0 

60-70 

29 

29 

/ 

/ 

24-1 

24- 

24-1 

22 

12 

6 

5 

27-2 

41-6 

32-3 

70     1 

and    > 

30 

12 

9 

3 

30- 

25- 

28-5 

22 

4 

8 

2 

36-3 

50- 

38-4 

over  ) 
Total, 

• 

172 

182 

50 

46 

Total, 

133 

134 

45 

30 

Combined,  354 


96 


267 


75 


It  must  be  evident  from  the  above  table  that  little  is  to  be 
learned  from  it  as  regards  the  effect  of  age.    " 

We  will  now  examine  the  influence  of  age  on  the  foramen 
ovale  in  males  and  females  combined. 
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Table  III. — Influence  of  Age  on  Foramen  Ovale  in  Males  and 

Females  combined. 


Anatomical  Society's  Results. 

Cases. 

Patency 

Percentage. 

Percentage. 

Comliined 
Percentage. 

(Com- 
bined 
Cases. 

Com- 
bined 
Paten- 
cies. 

10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70  and  1 
over    / 

6 
26 
58 
58 
54 
51 

52 

3 
10 
16 
16 
20 
13 

17 

50- 

38-46 

27-58 

27-58 

37- 

25-48 

32-6 

23-3 

24- 

21-65 

22-65 

20-9 

32-8 

37-5 

'    27-7 
29-1 
24-7 
25-3 
29- 
27-1 

32-3 

36 

72 

113 

130 

110 

92 

68 

10 
21 
28 
33 
32 
25 

22 

From  this  table  we  may  gather  that  in  cases  over  20  years  of 
age,  of  which  there  are  585,  that  a  patency  may  be  expected 
in  27"3  per  cent,  of  cases  ;  the  Society's  report  gives  19-5  per 
cent. 

Let  us  now  turn  our  attention  to  the  size  of  the  opening. 

In  all,  we  are  able  to  record  74  cases  in  which  the  size  was 
measured. 

The  results  may  be  shown  in  the  following  table : — 


Table  IV. — Size  of  the  Opening  between  Auricles. 


Measu 

rement. 

Cases.                  Percentage 

Under  2  mm., 

16 

21-6 

Over  2  mm., 

8 

10-8 

2 

5  ,, 

6 

8-1 

1,     3 

3 

4- 

,.    4 

2 

2-7 

.,    5 

10- 

13-51 

>,     6 

17 

22-97 

n    7 

8- 

10-81 

,,  12 

2- 

2-7 

,.15-     1, 

2- 

2-7 

T 

'otal,  74. 

Avera^ 

'fi  size,  4-6. 

In  the  report  of  the  Anatomical  Society  the  measurement  is 
not  taken  over  1  centimetre,  but  for  sake  of  comparison  we 
will  group  our  cases  of  8  millimetres  and  over  with  that  of  the 
Society  of  1  centimetre  and  over,  as  in  the  following  table : — 
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Table  V. — Size  of  Opening  between  Auricles — Combined  Results. 
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General  Conclusions. 

1.  That  a  patent  foramen  ovale  exists  in  28^  per  cent,  of  cases. 

2.  That  it  may  possibly  occur  more  frequently  in  the  female 
than  the  male. 

3.  That  its  size  varies  from  1  to  15  mm.,  but  the  most  frequent 

sizes  are — 

{a)  Under  2  mm. 

{h)  Over  5  mm. 

(c)  Over  6  mm.  but  under  7  mm. 

In  two  cases  there  could  have  been  no  valvular  closing  of  the 
foramen;  in  fact,  no  valve  existed;  both  were  15  mm.  in  dia- 
meter, and  no  sign  or  symptom  showed  itself  during  life. 

As  this  investigation  was  undertaken  with  the  prime  object 
of  determining  the  frequency  of  patency  of  the  foramen,  we 
make  no  remark  as  to  the  site  or  as  to  the  character  of  the 
annulus ;  that,  we  propose  to  relegate  to  a  future  occasion. 

We  append  a  note  as  to  the  character  of  the  opening  as  ob- 
served in  50  males  and  45  females  : — 


In  males,  50  cases. 

Single,         .  .  46 

Double,        .  .  3 

Quadruple,  .  1 

In  females,  45  cases. 

Single,         .  .  43 

Triple,  .  1 

Foenestrated,  .  1 


92  per  cent. 
61     „ 
21     „ 

95-5  „ 
2-2  „ 
2-2     ,. 


NOTE  ON  THE  CONFIGUEATION  OF  THE  HEAKT  IN 
MAN  AND  SOME  OTHEK  MAMMALIAN  GEOUPS.^ 
By  Charles  J.  Patten,  B.A.,  M.D.,  B.Ch.,  &c.,  Chief 
Demonstrator  in  Anatomy,  Trinity  College,  Duhliyi ;  Fellow 
of  the  Royal  Academy  of  Medicine  in  Ireland.  (Plates 
IV.-VI.) 

Many  of  the  mammalian  hearts  which  I  have  examined  were 
first  hardened  in  situ  with  strong  sohitions  of  formalin  injected 
through  the  femoral  artery.  I  found  that  the  human  heart 
differed  considerably  in  shape  from  those  of  the  following 
lower  animals  which  I  dissected  :— 

(A)  Order  Marsupialia — Macropus  robustus. 

(B)  Order  Rodentia — 1.  Lagostomus  trichodaetylus.  2.  Sciurus 

vulgaris.     3.  M'us  decumanus. 

(C)  Order  Carnivora — 1,  Felis  co7icolor.     2.  Felis  domestica. 

(D)  Order     Primates — (a)     Catarrhine     apes.      1.    Macacus 

innuiis.  2.  Gynoce/phalus  babuin. 
(b)  Anthropomorphous  apes.  Hylo- 
bates  hainanus. 

A  certain  amount  of  difference  could  be  made  out  in  the 
general  configuration  of  the  hearts  of  the  above-mentioned 
groups. 

In  Felis  the  ventricles  are  rather  long  and  pointed.  In 
Sciurus,  Mus,  and  Lagostomus,  they  are  shorter,  with  a  more 
obtuse  apex.  However  (excepting  the  primates),  these  hearts 
possessed  the  following  characters : — 

1.  Conical  in  shape. 

2.  Position  in  the  thoracic  cavity  almost  parallel  with  the 
mesial  plane. 

3.  The  margo  acutus,  according  to  position,  is  a  right  border. 

4.  Only  a  small  part  of  the  posterior  surface  (facies  diaphrag- 
matica)  of  the  ventricles  rests  on  the  diaphragm  (the  pericardium 

'  Read  before  the  Section  of  Anatomy  and  Physiology  of  the  Royal  Academy  of 
Medicine  in  Ireland,  June  1,  1900,  and  before  the  Anatomical  Society  of  Great 
Britain  and  Ireland,  at  Manchester,  June  22,   1900. 
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intervening).     This  surface  is  not  distinctly  tiattened,  and  looks 
backwards  as  well  as  downwards.^ 

5.  The  inferior  vena  cava  within  the  thorax  consists  of  a  very 
short  intra-pericardial  stage  (as  in  man),  and  a  longer  extra- 
pericardial  stage. 

The  formalin  heart  in  man  contrasts  with  the  above  as 
follows : — 

1.  It  is  rather  trihedral  than  conical  in  shape. 

2.  It  lies  very  obliquely  in  the  thoracic  cavity. 

3.  The  margo  acutus  is,  according  to  position,  much  more  of 
an  inferior  than  a  right  border. 

4.  The  whole  of  the  facies  diaphragmatica  (so-called  posterior 
surface  of  the  ventricles)  rests  on  the  diaphragm  (the  pericardium 
intervening),  is  flattened,  and  looks  almost  directly  downwards. 
The  extra-  as  well  as  the  intra-pericardial  stages  of  the  thoracic 
inferior  vena  cava  are  very  short. 

The  difference  in  position  of  the  margo  acutus  of  the  human 
heart  as  compared  with  the  same  in  lower  animals  seems  to 
depend  on — 

Firstly,  the  oblique  position  which  the  human  heart  has 
assumed  in  the  thoracic  cavity. 

Secondly,  the  shortening  of  the  cxtra-pericardial  paYt  of  the 
inferior  vena  cava.  This  took  place  as  the  heart  more  intimately 
approached  the  diaphragm,  the  organ  subsiding,  as  in  the  case 
of  many  other  viscera,  when  man  assumed  the  erect  posture. 
The  result  is  that  in  man  the  right  auricle  in  its  lower  part 
approaches  and  even  touches  the  diaphragm  (the  pericardium 
intervening),  and  extends  lower  down  than  in  the  case  of 
quadrupeds. 

In  tracings  taken  of  the  human  heart  in  situ  (not  necessarily 
hardened  in  formalin),  it  may  be  seen  that  the  lower  end  of 
the  right  auricle  extends  nearly  as  far  down  on  the  right  side 
of  the  thorax  as  the  ventricular  apex  extends  on  the  left  side. 
Hence  the  border  joining  the  two  runs  almost  transversely 
across  the  chest  (Plate  V.,  m.a.),  from  right  to  left.  This  border 
is  the  margo  acutus. 

The  position  of   the  riyht  border  or  margin  of  the  heart  //; 

^  The  above  animals  are  supposed  to  be  standing  erect  like  man. 
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mo/a  is  indicated  on  the  surface  of  the  chest-wall  by  a  line 
drawn  from  the  sternal  end  of  the  upper  surface  of  the  third 
rif/ht  costal  cartilage  to  the  seventh  costo-stemal  articulation. 
This  line  is  sHghtly  curved,  with  its  concavity  looking  inwards, 
the  summit  of  the  curve  being  1|  inches  from  the  middle 
line.  It  corresponds  to  the  right  border  of  the  right  auricle  in 
its  entire  vertical  extent  (Plate  IV.  figs.  A.  +  B.,  R.B.). 

This  border  terminates  by  meeting  the  right  extremity  of  the 
margo  acutus  at  almost  a  right  angle  (Plate  IV.  fig.  A.). 

The  remaining  borders  which  may  be  made  out  in  the  heart, 
specially  hardened  in  formalin,  are  the  ma/ryo  oUusus  or  left 
ventricular  border,  and  a  border  separating  the  back  of  the 
auricles  from  the  facies  drnphroz/matuxi.  From  its  position  it 
may  be  called  a  posterior  border  (Plate  IV.  fig.  B.,  P.B.).  As  we 
descend  in  the  animal  scale  it  becomes  less  marked.  I  found  it 
distinct  in  the  hearts  of  two  gibbons  which  I  examined. 

Belatiom  of  the  horders  of  the  hcfxrt  to  the  anterior  chest^mll. 
— These  are  given  in  most  text-books,  so  I  shall  merely  point 
them  out.  The  right  or  auricular  border  has  already  been 
indicated.  It  takes  a  vertical  but  slightly  curved  course.  The 
margo  acutus  runs  transversely  or  nearly  so  from  the  seventh 
right  chondro-sternal  articulation  to  the  apex.  The  latter  is 
situated  on  the  fifth  left  intercostal  space,  3^  inches  from 
the  middle  line.  The  margo  obtusus  (left  border)  extends 
from  the  apex  upwards  and  inwards  to  the  lower  surface  of 
the  second  left  chondro-sternal  articulation.  To  complete  the 
configuration  of  the  heart  we  must  indicate  on  the  surface  the 
upper  limit.  This  "  is  represented  by  a  line  passing  from  the 
lower  border  of  the  second  costal  cartilage  of  the  left  side  to 
the  upper  border  of  the  third  cartilage  of  the  right  side." 
{QiwAn.) 

I  mention  these  surface  markings  of  the  borders  of  the  heart 
because  I  wish  to  point  out  that  the  figure  thus  mapped  out  on 
the  anterior  chest-wall  correspomds  in  outline  to  the  configuration 
of  the  formalin  heart  as  seen  from  the  front.  But  to  demonstrate 
this,  it  is  not  even  necessary  to  harden  the  viscus.  Open  the 
pericardium  from  the  front  carefully  by  a  crucial  incision,  and 
having  separated  the  flaps,  view  the  heart  in  situ.  Its  configura- 
tion will  be  seen  to  correspond  to  that  of  the  anterior  aspect  of 
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the  formalin  heart.  But  when  the  heart  is  lifted  even  partly 
out  of  the  pericardial  sac  it  loses  its  proper  form,  owing  to 
the  collapsing  of  the  flaccid  and  often  empty  chamber  of  the 
right  ventricle.  Hence  it  is  necessary  to  harden  the  organ  in 
order  to  get  a  proper  idea  of  the  form  of  its  inferior  and 
posterior  aspects. 

The  sivrfaces. — In  hearts  removed  from  the  pericardial  sac 
and  hardened  with  formalin,  I  could  make  out  three  distinct 
surfaces.     These  are  seen  in  Plate  IV.  figs.  A.  and  B.     They 


suS 


Configuration  of  the  Formalin  Heart  mapped  out  on  the  chest  wall. 


are  separated  from  each  other  by  more  or  less  distinct  borders. 
The  surfaces  are  as  follows : — 

1,  Anterior  (facies  sternalis),  which  looks  forwards  and  down- 
wards. It  is  separated  from  the  hasal  or  inferior  surface  by  the 
margo  acutus  and  margo  obtusus,  and  from  the  posterior  or 
auricular  surface  by  the  margo  obtusus  and  right  or  auricular 
border. 

2.  The    inferior   or  '  hasal '    surface   (facies   diaphragmatica), 
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generally  described  as  posterior.     As  already  mentioned,  it  is 
distinctly  flattened,  and  looks  almost  directly  doivnwards. 

This  surface  is  triangular  in  outline,  and  I  have  called  it 
basal,  because  it  is  that  part  of  the  heart  which  fits  into  and 
fills  up  the  eoGiJanded  basal  part  of  the  'pericardium,  where  the 
latter  is  attached  to  the  diaphragm.  The  basal  surface  of  the 
heart  is  separated  from  the  anterior  surface  by  the  margo 
obtusus  and  margo  acutus,  and  from  the  posterior  surface  by 
the  posterior  border. 

3.  The  posterior  or  auricular  surface.  This  includes  the  back 
of  the  auricles.  It  looks  directly  backwards,  and  opening  into 
it  are  the  inferior  and  superior  cava,  and  the  right  and  left 
pulmonary  veins.  It  is  separated  from  the  other  surfaces 
by  the  borders  already  mentioned. 

In  the  quadrupeds  which  I  dissected,  I  found  that  the 
posterior  and  basal  surfaces  were  not  distinctly  marked  off 
from  each  other. 

From  the  above  description  of  the  human  heart,  it  seems  that 
there  is  a  close  correspondence  in  shape  between  the  fibrous 
pericardial  sac  and  the  heart  which  it  contains.  The  peri- 
cardium is  a  somewhat  triangular-shaped  cavity,  broad  and 
expanded  below  where  it  is  attached  to  the  diaphragm,  and 
narrowed  considerably  above  where  it  blends  gradually  with 
the  sheaths  of  the  great  vessels  which  spring  from  the  heart 
(Plate  VI.  figs.  A.  +  B.).  Likewise,  the  heart  is  broad  and 
expanded  below  where  it  rests  on  the  diaphragm  (the  peri- 
cardium intervening).  This  part  of  the  organ  includes  the 
inferior  or  basal  surface,  the  lower  part  of  the  posterior  surface, 
the  intervening  borders  together  with  the  ventricular  apex 
(Plate  IV.  fig.  B.,  and  Plate  VI.  fig.  C). 

The  upper  part  of  the  heart  where  the  great  vessels  arise 
(part  of  the  '  so-called  base ')  becomes  narrowed  like  the  peri- 
cardium. 

It  appears  that  the  part  of  the  heart  which  has  hitherto  been 
termed  the  '  base,'  seems  to  be  a  rather  indefinite  portion  both 
in  position  and  extent.  I  found,  however,  that  in  hearts 
hardened  with  formalin,  the  posterior  surface,  which  is  generally 
distinct,  includes  the  greater  part  of  the  '  base.'  It  is  evident 
that  from  the  shape  and  position  of  the  formalin  heart,  a  more 
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extensive  area  of  the  cardiac  surface  is  intimately  related  to 
such  abdominal  viscera  as  the  stomach  and  liver  (the  peri- 
cardium and  diaphragm  alone  intervening)  than  is  generally 
supposed.  This  fact  has  its  practical  importance,  and  may  ex- 
plain more  fully  the  frequent  purely  functional  cardiac  derange- 
ments following  temporary  distensions  or  enlargements  of  the 
abdominal  viscera  above  mentioned.  In  certain  morbid  con- 
ditions of  the  heart  I  frequently  found  an  increased  amount  of 
the  cardiac  surface  related  to  the  basal  pericardium.  In  a 
greatly  enlarged  heart,  which  occurred  in  the  Anatomical 
Department  of  Trinity  College  last  winter,  I  noted  that  not 
only  the  basal  surface  of  the  ventricles  but  even  a  considerable 
part  of  the  posterior  surface  rested  on  the  diaphragmatic 
pericardium.  The  same  thing  was  present  in  two  hearts  in 
which  the  right  ventricles  were  markedly  dilated. 

So  much  for  the  configuration  of  the  human  heart.  I  have 
considered  it  advisable  to  avoid  entering  into  anything  like 
a  detailed  description  of  the  shape  of  the  organ  as  observed 
in  specimens  specially  hardened  in  situ  with  formalin.  My 
aim  has  been  chiefly  to  indicate  the  extent  to  which  the  heart 
has  deviated  from  the  conical  mammalian  type,  as  it  has  come 
to  occupy  such  a  very  oblique  position  iu  the  thoracic  cavity. 

I  shall  now  give  a  brief  description  of  the  configuration  of 
the  heart  as  observed  in  the  full-time  human  foetus  and  in  a 
few  other  mammalian  orders.  I  also  append  two  tables,  one 
containing  some  heart  and  chest  measurements,  the  other 
containing  cardiac  and  thoracic  Indices  which  were  worked  out 
from  the  measurements  in  Table  No.  I. 

Heart  of  human  fcdus  {fLill-time). — It  occupies  a  large  area  of 
the  thorax,  lying  very  obliquely.  It  is  placed  behind  the  second, 
third,  fourth,  fifth,  and  sixth  costal  cartilages  of  the  left  side, 
and  behind  the  second,  third,  and  fourth  costal  cartilages  of  the 
right  side. 

The  transverse  diameter  of  the  heart  is  greater  in  proportion 
than  in  the  adult.  The  apex  is  short  and  rounded ;  somewhat 
deeply  placed  in  the  fifth  intercostal  space  of  the  left  side. 
The  right  auricle  is  large,  and  much  of  it  is  seen  on  the  anterior 
aspect  of  the  heart. 

As  in  the  adult,  the  pericardium  is  spread  out  and  attached 
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extensively  to  the  diaphragm.  The  ventricular  surface  of  the 
heart,  which  rests  on  the  diaphragmatic  pericardium,  is  flattened 
and  marked  off  from  the  back  of  the  auricles  by  a  rounded 
border.  The  mesial  plane  cuts  through  the  left  third  of  the 
right  ventricle  (Plate  VI.  figs.  A.  B.  C). 


Order  Marsupialia. 

Heart  of  Macro2)us  rohustus. — Position  in  the  thorax  slightly 
oblique.  Lies  behind  the  second,  third,  fourth,  and  fifth  costal 
cartilage  of  the  left  side,  and  the  second,  third,  and  fourth 
of  the  right  side.  The  apex  is  rounded  and  situated  a  little 
to  the  left  of  the  middle  line.  The  mesial  plane  passes 
through  the  anterior  inter-ventricular  septum.  The  heart  is 
somewhat  conical  in  shape,  and  is  not  much  longer  than  it  is 
broad.  The  inferior  cava  is  long,  and  very  little  of  the  peri- 
cardium touches  the  diaphragm.  This  is  chiefly  due  to  the 
large,  much  curved  '  azygos '  lobe  of  the  right  lujig  intervening 
between  the  diaphragm  on  the  one  hand,  and  the  lower  surfaces 
of  the  ventricles  of  the  heart  and  pericardium  on  the  other. 

The  pericardium  is  loosely  attached  to  the  back  of  the 
sternum. 

Order  Eodentia. 

Hearts  of  (a)  Lagostotnus  trichodactylus. 

(b)  Sciurus  vulgaris. 

(c)  Mus  decumamcs. 

More  mesially  situated  than  that  of  the  marsupial,  the  apex 
in  each  is  blunt  and  rounded.  The  heart  lies  behind  the  second 
and  third  costal  cartilages  of  both  sides.  The  mesial  plane 
passes  through  the  anterior  inter-ventricular  furrow.  The 
heart  in  each  animal  is  short  and  thick,  and  the  under  surface 
of  the  pericardium  is  attached  to  the  diaphragm  by  a  thin 
membranous  fold  of  connective  tissue.  This  spreads  out  as  it 
approaches  the  diaphragm,  being  narrow  above,  where  it  is 
attached  to  the  under  surface  of  the  pericardium.  The  attach- 
ment of  the  pericardium  to  the  diaphragm  is  very  slight. 
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Order  Carnivora. 

Hearts  of  (a)  Felis  concolor,  and 
(b)  Felis  domestica. 

They  occupy  a  mesial  position  within  the  thorax,  so  that  the 
mesial  plane  passes  through  the  apex  of  the  ventricles.  The 
ventricular  portion  of  each  is  longer  and  narrower  and  the 
apex  more  pointed  than  in  the  preceding  groups.  The  antero- 
posterior diameters  greatly  exceed  the  lateral.  They  lie  behind 
the  third,  fourth,  fifth,  sixth  costal  cartilages. 

The  attachments  of  the  pericardium  to  the  diaphragm 
resemble  the  condition  found  in  the  Eodcntia  dissected,  but  the 
membranous  fold  of  connective  tissue  is  less  extensive  in  the 
above  Cariiivora.  The  attachments  of  the  front  of  the  peri- 
cardium to  the  back  of  the  sternum  are  more  intimate  in  the 
latter  than  in  the  former.  In  Felis  concolor  and  Felis  domestica 
I  also  found  that  the  outer  or  right  border  of  the  right  auricle 
and  the  margo  acutus  lie  nearly  in  the  one  line,  and  only  a 
small  area  of  the  back  of  the  ventricles  near  the  apex  touches 
the  diaphragm,  the  pericardium  intervening. 


Order  Primates. 

1.  Hearts  of  Catarrhine  apes  : — 
(a)  Macacus  innuus. 
fb)  Gynocephalus  habuin. 

Position  in  the  thorax  slightly  oblique.  Therefore  apex  to 
the  left  of  the  mesial  plane.  More  so  in  the  young  than  in  the 
adult.  Heart  rather  shortened  and  broader  proportionately  in 
the  transverse  direction  than  in  the  preceding  order. 

The  pericardium  is  not  extensively  attached  to  the  diaphragm, 
but  a  considerable  area  of  it  is  spread  out  on  that  structure. 
It  follows  from  this,  that  more  of  the  ventricular  surface  of 
the  heart  is  in  relation  to  the  diaphragm  (the  pericardium 
intervening)  than  in  the  case  of  the  preceding  orders.  This 
surface  of  the  ventricles  is  somewhat  ^flattened,  and  marked  off 
indistinctly  by  a  border  from  the  back  of  the  auricles. 
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In  Macacus  innuus  the  heart  and  thorax  are  broader  than  in 
Cynocephalus  babioin. 

2.  Anthropoid  apes  : — 

Two  hearts  of  Hyluhates  hainamis.  Very  similar  to  that  of 
man  both  in  position  and  shape. 

The  apex  is  somewhat  more  pointed  in  the  former.  In 
Hylobates  the  pericardium  is  spread  out,  and  is  extensively 
and  firmly  attached  to  the  diaphragm.  The  ventricular  surface 
('  inferior  or  basal '),  in  relation  to  the  diaphragmatic  peri- 
cardium, is  correspondingly  extensive,  and,  as  in  the  heart  of 
man,  it  is  flattened  and  marked  off  from  the  anterior  and  the 
posterior  (auricular)  surfaces  by  distinct  borders. 

The  transverse  and  antero-posterior  diameters  of  the  heart  of 
Hylobates  are  of  equal  extent.  (See  cardiac  and  thoracic  indices.) 
The  lateral  and  antero-posterior  diameters  of  the  thorax  are  also 
of  equal  extent. 

I. — Table  showing  the  greatest  transverse  and  antero-posterior 
Diameters  of  the  Heart  and  Thorax  in  different  mammalian 
groups,  from  which  the  cardiac  and  thoracic  Indices  have 
been  calculated. 


Name. 

OKDER. 

Heart. 

Thorax. 

Greatest 
Transverse 
Diameter. 

Greatest 
Antero- 
posterior 
Diameter. 

Greatest 

Transverse 

Diameter. 

Greatest 
Antero- 
posterior 
Diameter. 

Macropus 
robustWy, 

Lagostomus 
trichodaetylus, 

Felis  concolor, 

Macacus 
innuus, 

Cynocephalus 
babuin, 

Hylobates 
hainanus. 

Human  foetus 
(full-time), 

Man  (adult), 

Marsupialia, 

Rodentia, 

Carnivora, 
Primates, 

,» 

n 

2J* 

H 

2 

2 
5 

3 

li 
2| 

H 
i 

5 
H 

4 
3 
4 
4 
12 

6 

3 

(,{ 
5 

4 

4 

3 

8 

The  figures  refer  to  inches  and  fractions  o*  an  inch. 
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TI. — Table  showing  the  cardiac  and  thoracic  Indices  in  different 

mammalian  groups. 


Namk. 

Order. 

Heart. 

Thorax. 

Transverse 
Index. 

Antero- 
posterior 
Index. 

Transverse 
Index. 

Antero- 
posterior 
Index. 

Macropus 
robustus, 

Lagostomus 
trichodactylus, 

Felin  concolor, 

Macacus 
innuus, 

Cynocephalus 
babiiin, 

Hyliibates 
hainanus. 

Human  foetus 
(full-time), 

Man  (adult), 

Marsupialia, 

Rodentia, 

Oarnivora, 
Primates, 

)) 

)> 
») 
)> 

75 
83-1 

50 

88-8 

83-1 
100 
133 
125 

133 

120 

1831 
11-2-1 

120 

100 

75 

80 

83-2 
83-2 

5311 

SO 

75 
100 
133 
150 

120 

120 

188-4 
120 

133-1 

100 

75 

66-8 

From  the  above  Indices  a  correspondence  can  be  made  out 
between  the  transverse  and  antero-posterior  diameters  of  the 
heart  and  of  the  thorax  in  each  animal. 


Conclusion. 


In  conclusion,  let  me  add  that  my  remarks  on  the  form  of 
the  heart  of  man  have  not  been  based  on  observations  made  on 
only  one  or  two  specimens.  Last  winter  I  examined  in  all  50 
specimens,  10  of  which  were  specially  hardened  in  formalin. 
In  the  case  of  those  which  were  not  hardened,  I  avoided 
displacing  the  organ  as  it  lay  in  the  sac  of  the  pericardium,  and 
so  proceeded  as  follows : — 

I  opened  the  pericardium  from  the  front  with  a  crucial 
incision,  and  separated  the  flaps  by  turning  them  outwards.  1 
then  took  a  tracing  of  the  form  of  the  heart.  From  the 
tracings,  as  well  as  from  the  actual  specimens,  my  friend,  Mr 
C.  K.  Bushe,  kindly  made  me  some  drawings  (see  Plate  V.). 
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In  each  case  I  measured  the  greatest  transverse  and  antero- 
posterior diameters.  I  afterwards  excised  the  hearts  and  further 
examined  them  in  order  to  see  whether  they  were  diseased 
or  healthy,  and  of  the  average  size  and  weight.  I  also  noted 
the  sex  and  age  of  the  subject  from  which  each  was  taken. 


EXPLANATION  OF  PLATES  IV.  TO  VI. 


Plate  IV. 

Two  drawings  of  a  human  heart  which  was  hardened  in  situ  with 
formalin. 


Fig. 


A. — From  the  ria;ht  side  : — 

^.*S'.  =  anterior  surface. 
7n.a.  =  margo  acutus. 
R.B.  =  right  herder  of  right  auricle. 
a.  =  apex  of  ventricles. 

Fig.  B. — From  below  and  behind  : — 

/.aS.  =  inferior  or  basal  surface. 

L.a.  =  left  auricle  (posterior  aspect). 

R.a.  =  right   „ 

/.  G.  =  inferior  cava. 

S.  C.  =  superior    „ 
L.P.v.  =  left  pulmonary  veins. 
R.P.v.  =  v{g\ii 

m.a.  =  margo  acutus. 

m.o.  =  margo  obtusus. 
P.B.  =  posterior  border. 
R.B.  =  right  border. 


1 

]     On  the 

[   posterior 
r  surface  of 


heart. 


J 


Plate  V. 

Drawing  from  a  tracing  of  the  human  heart  taken  in  situ  after 
opening  the  pericardium  from  the  front  with  a  crucial  incision. 

This  illustration  is  made  from  the  heart  of  an  ordinary  dissecting- 
room  subject,  not  hardened  with  formalin. 

m.a.  =  mar^o  acutus. 
m.o.  =  margo  obtusus. 
R.B.  =  right  border. 
a.  =  apex. 
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Plate  VI. 

Heart  and  pericardium  of  a  full-time  male  foetus  (human).  The 
subject  was  hardened  in  formalin. 

Fig.  A. — The  front  wall  of  the  fibrous  pericardium  has  been  cut 
away  in  order  to  show  the  shape  of  the  interior  of  the  sac.  The 
openings  of  the  various  vessels  belonging  to  the  heart  are  seen  piercing 
the  posterior  wall.  The  expanded  basal  portion  of  the  pericardium 
attached  to  the  diaphragm  is  seen  at  D.  N.  =  the  narrow  upper  part 
of  the  fibrous  pericardium. 

Fig.  B. — Front  view  of  the  heart,  showing  the  correspondence  in 
shape  with' the  pericardial  sac. 

The  right  auricle  is  greatly  engorged  with  blood,  and  so  the  right 
border  (R.b.)  is  rounded  and  somewhat  ill-defined. 

m.a.  =  margo  acutus. 
m.o.  =margo  obtusus. 
^.*S.  =  anterior  surface. 

P.  =  basal  pericardium. 

D.  =  Diaphragm. 

Y\a,  C. — Same  heart  seen  from  below,  showing  the  flattened 
inferior  surface  of  the  ventricles  {I.S.). 

P.b.  —  posterior  border. 
m.a.  =  margo  acutus. 
m.o.  =  margo  obtusus. 

a.  —  apex. 
p.s.  =  part  of  posterior  surface. 
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Fh;.   B. 
Human  Heart  of  an  adult  male,  liardenecl  in  situ  with  formalin,  and  afterwards  excised. 
Dii  Patten. 
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[Plate  V. 


Human  Heart  lying  undisturbed  in  the  pericardial  sac.     The  latter  lias  been  opened 

with  a  crucial  incision. 


Dk  Patten. 
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THE  TEUE  C^CAL  APEX,  OR  THE  VERMIFORM 
APPENDIX:  ITS  MINUTE  AND  COMPARATIVE 
ANATOMY.i  By  Richakd  J.  A.  Berry,  ^p.,  F.R.S.E., 
F.R.C.S.  Edin.,  Lecturer  on  Anatomy,  School  of  Medicine  of 
the  Royal  Colleges,  Edinhtrgh.     (Plates  VII.-XI.) 

(From  the  Laboratory  of  the  Royal  College  of  Physicians,  Edinburgh.) 

As  is  well  known,  the  vermiform  appendix  of  Man  represents 
the  true  apex  of  the  caecum.  Such  being  the  case,  and  as  there 
are  but  few  vertebrates  which  possess  a  vermiform  appendix,  the 
apex  of  the  caecum  when  the  appendix  is  absent,  and  the  vermi- 
form appendix  itself  when  present,  have  been  submitted  to  a 
microscopical  examination,  to  see  what,  if  any,  analogies  exist 
between  the  true  apex  of  the  csecum  in  the  lower  animals,  and 
its  equivalent — the  vermiform  appendix — in  Man.  For  this 
purpose,  as  many  representative  types  of  the  vertebrate  kingdom 
as  could  be  obtained  have  been  examined.  A  list  of  these  is 
appended.  This  paper  states  the  results  obtained  from  these 
examinations,  and  consequently  deals  only  with  the  facts  ob- 
served. The  possible  theories  to  be  based  upon  these  facts  will 
be  considered  on  a  future  occasion. 

Whilst  much  has  been  written  on  the  minute  structure  of  the 
human  appendix — more  especially  in  its  pathological  conditions 
— but  little  has  been  done  in  the  field  with  which  this  paper  is 
concerned.  In  fact,  with  the  exception  of  some  references  to  the 
structure  of  the  vermiform  appendix  of  the  rabbit,  contained  in 
a  paper  by  Ruffer  (1),  the  literature  of  the  true  ca^cal  apex,  as 
regards  its  structure  in  the  animal  kingdom,  may  be  said  to  be 
almost  non-existent. 

For  the  present  investigation  three  types  have  been  selected — 
the  rabbit,  the  cat,  and  the  pigeon.  It  will  be  convenient  first 
to  figure  and  describe  the  microscopic  appearances  presented  by 
the  caeca  in  these  three  types,  and  afterwards  to  compare  the 
caeca  of  the  other  animals  examined  with  them. 

'  Being  part  of  a  thesis,  since  considerably  extended,  to  which  the  University 
of  Edinburgh  awarded  the  Gunning  Victoria  I'riije  in  Surgery. 


84 


DR    RICHARD    J.    A.    BERRY. 


EoDKNTiA, — Lepus  Cujiiculus,  the  Kabbit. 

All  rodents,  being  herbivorous,  possess  a  cfficum,  with  the 
exception  of  the  Myoxidse.  In  the  rabbit  there  is  in  addition 
a  well  marked  vermiform  appendix,  and  the  animal  is  thus 
peculiarly  well  adapted  for  the  lines  of  the  present  research,  and 
forms  an  excellent  type  from  which  to  work. 

In  the  rabbit  the  small  intestine  is,  at  its  lower  end,  expanded 


Vermiform  appendix 


Small  Intestine 


Sacculated 
Colon 


Caecum 


Fig.  ]. — Outliue  .sc:lieme  of  the  sacculus  lotmidus,  cfeciim,  and  vermiform 

appendix  of  a  rabbit. 

into  a  sacculus  rotundus  (see  figure  1).  From  this  the  caecum,  a 
blind  diverticulum,  is  given  off,  to  end  in  the  vermiform  appendix. 
The  microscopic  appearances  presented  by  the  vermiform 
appendix  of  the  rabbit  are  very  remarkable.  They  are  well  seen 
in  Plate  VI 1. 1,  which  has  been  selected  from  the  many  specimens 
examined  as  being  quite  characteristic  of  its  minute  structure. 
In  this  plate,  which  represents  a  transverse  section  through  the 
appendix,  it  will  be  noted  that  there  is  a  submucous  coat,  com- 
posed of  large  masses  of  lymphoid  tissue,  which  project  into  the 
lumen  of  the  gut  in  the  form  of  nodular  processes.  Passing 
inwards  between  these,  and  arching  over  them,  there  are  ordinary 
villi.  These  villi  are  somewhat  clavate  at  their  free  extremities, 
and  their  margins  are  either  touching  each  other  or  nearly  so. 
In  this  way  a  series  of  arches  is  produced,  the  concavities  of 
which  are  occupied  by  the  lymphoid  projections  from  the  sub- 
mucosa.     Lymphoid  tissue  is  present  to  such  an  extent  in  the 
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appendix  of  the  rabbit  as  to  constitute  its  most  marked  and 
prominent  feature. 

The  appearances  presented  in  a  transverse  section  of  a  rabbit's 
appendix  are  at  first  difficult  to  explain,  but  are  elucidated  by 
a  study  of  its  development. 

In  a  full-term  fa3tal  rabbit  (see  PI.  VII.  2)  the  mucous  mem- 
brane consists  of  villi  projecting  into  the  lumen  of  the  gut,  and 
covered  by  transparent  columnar  cells.  The  submucous  coat 
is  but  ill  defined,  and  contains  little  lymphoid  tissue.  A  few 
days  after  birth,  however,  the  amount  of  lymphoid  tissue  in  the 
submucosa  becomes  much  more  marked,  and  tends  to  grow 
inwards  towards  the  lumen  of  the  gut,  and  between  the  widely 
separated  villi  of  the  mucous  membrane.  Concurrently  with 
this  increase  in  the  amount  of  the  lymphoid  tissue  in  the  sub- 
mucosa, the  free  extremities  of  the  villi  become  slightly  flattened 
and  bulbous. 

In  rabbits  about  one  week  old  the  changes  in  the  microscopical 
appearances  of  the  appendix  are  very  marked.  The  submucosa 
has  become  much  thickened,  and  now  constitutes  the  most 
prominent  of  the  four  coats;  this  thickening  is  entirely  due  to 
an  increase  in  the  amount  of  lymphoid  tissue,  which  grows  in 
the  direction  of  least  resistance — that  is,  inwards  towards  the 
lumen  of  the  gut,  and  between  the  villi  of  the  mucosa,  extending 
as  far  as  the  apices  of  the  villi. 

Such  a  study  of  the  development  of  the  appendix  of  the  rabbit 
not  only  explains  the  features  of  the  appendix  of  the  adult 
rabbit,  but  also  establishes  the  very  important  fact  that  at  birth 
there  is  but  little  lymphoid  tissue  in  the  rabbit's  appendix,  and 
that  within  a  week  after  birth  the  lymphoid  tissue  has  increased 
to  such  an  extent  as  to  convert  the  rabbit's  appendix  into  a 
lymph  gland.  The  developmental  history  also  shows,  that  though 
the  flattened  apices  of  the  villi  in  the  appendix  of  the  adult 
animal  may  appear  to  touch  each  other,  they  in  reality  never 
do  so,  consequently  there  is  nothing  to  prevent  the  leucocytes 
contained  in  such  enormous  amounts  in  the  submucosa  of  the 
appendix  from  being  discharged  into  the  lumen  of  the  gut. 

The  facts  to  be  gleaned,  then,  from  a  study  of  the  structure 
and  development  of  the  appendix  vermiformis  of  the  rabbit  are, 
that  the  characteristic  feature  of  the  appendix  in  the  rabbit  is 
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its  lymphoid  tissue  ;  that  there  is  no  similar  predominating 
collection  of  lymphoid  tissue  in  the  large  intestine  ;  that  the 
lymphoid  tissue  reaches  its  maximum  limit  in  the  appendix 
within  one  week  after  birth ;  and  lastly,  that  there  is  nothing 
to  prevent  the  leucocytes  contained  in  this  lymphoid  tissue  of 
the  appendix  from  being  extruded  into  the  cavity  of  the  gut. 

Carnivora, — Felis  doinesticus,  the  Cat. 

Numerous  specimens  of  the  ctecum  of  the  cat  have  been 
examined  from  embryos,  kittens  at  birth,  kittens  of  two,  four, 
and  seven  days  old,  kittens  a  few  weeks  after  birth,  adult  cats, 
cats  in  whom  the  caecum  was  ligatured  before  removal,  and 
others  in  whom  the  duodenum  and  jejunum  had  been  similarly 
ligatured  before  removal,  for  purposes  of  comparison. 

Plate  VII.  3,  a  longitudinal  section  through  the  cffical  apex  of 
an  adult  cat,  represents  the  typical  appearances  presented  by 
this  part  of  the  intestinal  canal.  The  submucosa  is  seen  to 
consist  of  large  amounts  of  lymphoid  tissue,  collected  into  well- 
marked  germ  centres.  The  mucosa  presents  the  customary 
features  of  large  intestine.  As  in  the  ral)bit,  the  characteristic 
feature  of  the  cffical  apex  of  the  cat  is  the  predominating  amount 
of  lymphoid  tissue,  as  is  shown,  by  way  of  comparison,  in 
Plate  VII.  4,  which  represents  a  transverse  section  through  the 
large  intestine  of  an  adult  cat. 

Passing  next  to  a  study  of  the  development  of  the  lymphoid 
tissue  in  the  caecal  apex  of  the  cat,  PI.  VIII.  5  illustrates  the  ap- 
pearances presented  by  a  transverse  section  through  the  caecum 
of  a  full-term  foetal  kitten.  There  are  the  usual  four  coats,  but 
the  submucosa  contains  little  lymphoid  tissue  ;  in  fact,  it  closely 
resembles  in  almost  every  detail  the  appearances  presented  by 
the  appendix  of  a  full-term  fcetal  rabbit  (PI.  VIII.  2). 

At  two  days  old  (see  PI.  VIII.  6)  the  lymphoid  tissue  in  the 
submucosa  is  increased  in  amount,  and  at  four  days  old  (see 
PL  VTII.  7)  it  exceeds  in  thickness  all  the  other  coats  put 
together.  At  seven  days  old  the  lymphoid  tissue  is  the  most 
prominent  feature  of  the  caecum  (see  PI.  VIII.  8),  and  is  already 
collected  into  germ  centres,  though  perhaps  not  to  such  an  ex- 
tent as  in  the  older  animals. 
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That  this  iucrease  in  the  aiuouiit  of  the  lymphoid  tissue  is 
not  present  in  other  parts  of  the  alimentary  canal  is  well  shown 
in  PI.  VII.  4  from  an  adult  cat,  and  also  in  PI.  IX.  9,  which  repre- 
sents a  transverse  section  through  a  small  intestine  of  a  kitten, 
and  which  section  was  specially  prepared  as  a  check  observation 
on  the  development  of  the  lymphoid  tissue  in  the  csecal  apex  of 
the  kitten.  As  check  observations,  numerous  sections  were  cut 
through  the  small  and  large  intestine  of  both  cat  and  kitten, 
but  nowhere  was  there  this  same  accumulation  of  lymphoid 
tissue  found  as  in  the  csecum.  Further,  in  all  cases  the  sudden- 
ness with  which  the  lymphoid  tissue  ceases  at  the  junction  of 
ciBcum  with  large  intestine  constitutes  a  very  marked  feature 
of  tlie  various  specimens  examined  from  both  cats  and  kittens. 

An  examination  of  the  microscopic  structure  and  develop- 
mental history  of  the  csecum  of  the  cat  confirm,  then,  in  every 
detail,  the  results  obtained  from  the  rabbit.  In  both  the  cat 
and  the  rabbit  there  is  a  most  marked  accumulation  of  lym- 
phoid tissue  at  the  true  ciecal  apex,  an  accumulation  which 
reaches  its  maximum  growth  within  one  v,^eek  after  birth. 

AvES, — Golutnba  livia,  the  Pigeon. 

In  the  pigeon  there  are  two  short  cteca,  which  open  into  the 
general  intestinal  canal  at  the  junction  of  small  and  large  gut. 
Figure  2  illustrates  diagrammatically  these  short  caeca,  and  also 
shows  the  sites  of  the  various  sections  to  be  immediately 
described.  PI.  IX.  10  shows  a  low-power  view  of  the  microscopic 
appearances  presented  by  a  longitudinal  section  through  the 
intestinal  canal,  and  one  of  the  two  short  c^eca  of  the  pigeon. 
It  will  be  seen  that  the  walls  of  the  Ccecum  are  merely  masses 
of  lymphoid  tissue  collected  into  germ  centres,  whilst  the 
general  intestinal  canal  contains  but  little  lymphoid  tissue.  The 
contrast  between  the  relative  amounts  of  lymphoid  tissue  con- 
tained in  the  caecum  as  opposed  to  that  of  the  intestine  is  as 
striking  a  feature  here  as  in  the  two  previous  types  examined 
— the  rabbit  and  the  cat. 

An  examination  of  the  two  short  cieca  of  the  pigeon  confirms 
the  general  results  already  arrived  at  in  the  rabbit.  It  further- 
more especially  proves  that  in  the  pigeon  the  whole  of  the  csecal 
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wall  is  filled  by  lymphoid  tissue,  and  that  this  lymphoid  tissue 
ceases  with  great  abruptness  at  the  junction  of  cfficum  with 
large  intestine. 

It  will  be  very  evident  that  the  three  types  examined  yield 
singularly  uniform  results.  In  all  of  them,  the  true  cffical  apex 
is  characterised  by  a  preponderance  of  lymphoid  tissue.     In  all, 


Caeca 


The  two  short 
Caeca 


Transverse  Section 


Fio.  2. — Diagrammatic  scheme  of  the  large  gut  and  two  short  Cfeca  of  a  pigeon. 
Shown  in  longitudinal  and  transverse  sections. 

this  lymphoid  tissue  is  present  at  the  csecal  apex  in  much 
greater  amounts  than  in  the  rest  of  the  alimentary  canal ;  and 
in  the  two  whose  developmental  history  has  been  followed,  this 
lymphoid  tissue  reaches  its  maximum  development  within  one 
week  after  birth. 

With  these  data,  the  results  obtained  from  the  other  animals 
examined  may  now  be  compared. 


Pisces  and  Amphibia. 

Specimens  of  the  intestinal  canal  of  both  the  skate  and  the 
common  frog  have  been  examined,  but  did  not  show  any  evi- 
dences of  lymphoid  tissue.  It  may  be  incidentally  remarked, 
with  all  due  caution,  that  lymphoid  tissue  would  not  appear  to 
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be^such  a  necessary  part  of  the  animal  economy  in  cold-blooded 
animals  as  in  warm-blooded  animals.  The  subject  is  one  which 
requires  a  further  investigation. 


AVES. 

Of  birds,  as  has  been  described,  the  pigeon  formed  the  type. 
The  other  birds  whose  caeca  have  been  examined  are  as  fol- 
lows : — 

Bernicla  juhata,  the  maned  goose. 

Polioaetus  2)lumheiis,  the  plumbeous  fish  eagle. 

Leptoptilns  javanicus,  the  Javan  adjutant. 

Gallus  domesticus,  the  domestic  fowl. 

Anser,  the  common  goose. 

The  microscopic  appearances  presented  by  the  cseca  of  the 
maned  goose,  the  fish  eagle,  and  the  Javan  adjutant  all  resemble 
the  type,  inasmuch  as  in  all  of  them  lymphoid  tissue  constitutes 
the  predominant  feature  of  the  specimen  ;  they  further  resemble 
the  pigeon,  inasmuch  as  in  all  of  them  the  lymphoid  tissue  is 
more  especially  well  marked  in  the  caecum,  as  opposed  to  the 
remainder  of  the  intestinal  canal.  This  discrepancy  is  least 
marked  in  the  Javan  adjutant,  though  even  here  it  constitutes 
a  noticeable  feature  of  the  specimen. 

In  the  domestic  fowl  and  the  common  goose  there  are  two 
long  cffica.  These  are  diagrammatically  represented  in  figure  3, 
which  also  shows  the  sites  of  the  various  sections. 

In  the  domestic  fowl  a  high  magnification  reveals  the  fact 
that  the  lymphoid  tissue  is  diffused  throughout  the  mucosa  of 
the  specimen.  This  is  represented  in  PI.  IX.  11.  This  diffusion 
of  the  lymphoid  tissue  throughout  the  mucosa  in  the  caecum  of 
the  domestic  fowl  is  almost  what  might  be  expected,  considering 
the  much  greater  length  of  the  caeca  in  the  fowl  as  compared 
with  the  short  caeca  of  the  pigeon.  Even  in  the  fowl,  this  lym- 
phoid tissue  is  slightly  more  marked  at  the  apex  of  the  caecum, 
notwithstanding  its  length,  as  is  shown  in  PI.  IX.  11,  which  is 
a  longitudinal  section  through  the  caecal  apex.  In  this  plate  it 
will  be  noticed  that  there  is  a  greater  amount  of  leucocytal 
tissue  at  the  apex  of  the  caecum  (that  is,  the  lower  part  of  the 
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plate)  than  in  the  rest  of  the  cacal  wall,  a  characteristic  portion 
of  which  is  seen  in  the  upper  portion  of  the  plate. 

In  the  common  goose,  a  bird  resembling  the  domestic  fowl 
in  the  length  of  its  caeca,  the  appearance  presented  by  these  are 
very  similar,  and  still  more  nearly  resemble  the  type — the 
pigeon.  These  appearances  are  depicted  in  Pis.  X.  13  and  X.  14. 
There  is  the  same  predominance  of  lymphoid  tissue,  especially 


Fig.  3. 


-Diagrammatic  scheme  of  the  large  intestine  and  two  long  c;eca  of  the 
domestic  fowl  and  the  common  goose. 


well  shown  in  PL  X.  13,  whilst  PI.  X.  14  illustrates  the  fact  that 
in  the  goose,  as  in  the  pigeon,  the  predominance  of  lymphoid 
tissue  is  very  characteristic  of  the  cfficura,as  opposed  to  the  rest 
of  the  alimentary  canal. 

All  the  birds  examined  agree  very  closely  with  the  pigeon. 
In  all,  lymphoid  tissue  is  the  special  feature  of  the  caecum,  whilst 
the  long  caeca  of  the  domestic  fowl  prepare  the  way  for  another 
fact,  viz.,  that  in  animals  with  long  caeca,  the  lymphoid  tissue, 
or  at  all   events   its  contained  leucocytes,  tend  to  be  dift'used 
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throughout  the  total  length  of  the  caeca.  When  the  caeca  are 
short  they  are  merely  masses  of  lymphoid  tissue,  but  when  long, 
the  lymphoid  tissue  tends  to  be  diffused  throughout  the  entire 
length  of  the  cseca.  In  all  cases  the  lymphoid  tissue  is  present 
to  a  much  greater  extent  in  the  cseca,  than  in  any  other  part  of 
the  intestinal  canal. 

Mammalia. 

Turning  next  to  the  mammals,  I  was  unfortunately  unable  to 
obtain  any  specimens  of  the  Monotremes,  and  of  the  Marsupials 
only  one,  the  red  kangaroo.  So  far  as  could  be  ascertained, 
there  is  no  special  aggregation  of  leucocytes  in  the  csecum  or  in 
any  other  part  of  the  alimentary  canal ;  there  is  merely  a  reticu- 
lated network,  embedded  in  which  are  some  coarsely  granular 
leucocytes,  few  in  number  and  widely  diffused.  It  must,  how- 
ever, be  remembered  that  the  Marsupials,  as  a  group,  comprise 
many  divergent  types,  and  consequently  some  divergences  are 
only  to  be  expected  in  the  case  of  the  minute  anatomy  of  the 
cffical  apex.  It  is  to  be  regretted  that  more  specimens  of  this 
strangely  interesting  order  were  not  obtainable. 

Edentata. 

Of  the  Edentates,  Hoffmann's  sloth  alone  was  examined.  In 
this  animal  there  is  no  csecum,  consequently  the  junction 
of  small  and  large  intestine  was  submitted  to  microscopical 
examination,  but  the  mucosa  displays  no  features  of  any  im- 
portance. 

Ungulata. 

Of  the  Ungulates,  specimens  of  the  csecal  apices  of  the  pig, 
the  sheep,  and  the  Stanley  chevrotain  were  examined.  In  all 
three  species  the  c£eca  are  long,  and  the  lymphoid  tissue  is 
diffused  throughout  the  mucosa. 

The  Ungulata,  or  at  all  events  those  examined,  resemble  the 
domestic  fowl  rather  than  the  pigeon,  inasmuch  as  the  cffica 
are  long,  and  the  lymphoid  tissue  tends  to  be  diffused  through- 
out its  mucosa.  They  all  resemble  the  types  in  the  all-impor- 
tant respect  that  that  lymphoid  tissue  is  more  especially  well 


92 


DR    RICHAED    J.    A.    BERRY. 


marked  in  the  caecum   than   in  other  parts  of    the   intestinal 
canal. 

EODENTIA. 

Of  this  order  the  rabbit,  with  a  caecum  and  a  moderately 
long  appendix,  constitutes  the  type.  The  other  rodents  examined 
are  as  follows  : — 

Mus  musculus,  the  house  mouse. 

Mus  decumanus,  the  rat. 

Castor  fiber,  the  European  beaver. 

Dolichoius  ijataclionica,  the  Patagonian  cavy. 

Sciurus  vulgaris,  the  common  squirrel. 

Dipus  jacidus,  the  Egyptian  jerboa. 

Dasyproda  cristata,  the  West  Indian  agouti. 

In  the  mouse  and  the  rat  the  Ccecum  is    slightly  constricted 
about  its  middle.     This  is  figured  diagrammatically  in  figure  4. 


Basal  Portion  of 
Caecum 


■Site  of  the 
Lymphoid  Tissue 


'.'/lA 


Apical  Portion  of 
Caecum 


Fig.  4. — Diagrammatic  scheme  of  the  ciecum  of  a  mouse. 

This  constriction,  as  shown  in  the  figure,  subdivides  the  ciecum 
into  two  parts,  an  apical  portion  and  a  basal  portion.  The  basal 
portion  in  both  contains  little  or  no  lymphoid  tissue.     The  apical 
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puitioii,  on  the  other  hand,  contains  a  distinct  mass  of  lymphoid 
tissue  in  its  lateral  wall. 

Plate  X.  15  illustrates  the  appearances  presented  by  a  longi- 
tudinal section  through  the  Ciecum  of  the  mouse.  The  con- 
striction is  well  seen,  subdividing  the  cajcum  into  its  basal  and 
apical  portions.  The  mass  of  lymphoid  tissue  situated  in  the 
lateral  wall  of  the  apical  portion  of  the  csecum  is  also  a  prominent 
feature  of  the  plate,  whilst  the  basal  portion  of  the  ctecum  is 
seen  to  contain  no  lymphoid  tissue.  In  the  rat  the  appearances 
are  precisely  the  same  as  in  the  mouse.  Plate  X.  16  illustrates  the 
appearances  presented  by  a  longitudinal  section  through  the 
caecum  of  the  rat.  In  this  plate  the  mass  of  lymphoid  tissue 
situated  in  the  lateral  wall  of  the  apical  portion  is  well  seen. 

Plate  XL  17  illustrates  the  cffical  apex  of  the  European  beaver. 
It  contains  a  large  mass  of  lymphoid  tissue  situated  in  the 
sul)uiucosa,  the  leucocytes  extending  inwards  towards  the  lumen 
of  the  gut  between  the  Lieberkiihn's  follicles. 

Plate  XL  18  illustrates  the  very  extraordinary  appearances 
presented  by  the  cffical  apex  of  the  Patagonian  cavy.  The  mucosa 
is  transversely  striated  by  a  number  of  ridges,  due  to  the  sub- 
mucosa  being  heaped  up,  at  regular  intervals,  into  well  marked 
prominences.  Each  of  these  contains  a  large  vein,  and  the 
muscularis  mucosae  is  well  developed. 

In  the  squirrel,  the  Egyptian  jerboa,  and  the  West  Indian 
agouti,  leucocytes  are  present,  but  in  less  quantities  than  in 
some  of  the  other  rodents.  They  further  show  a  tendency  to 
be  diffused  through  the  mucous  coat,  and  are  not  specially 
aggregated  together  as  in  the  rabbit  and  the  other  types 
examined. 

The  rodents  examined  agree,  then,  with  the  results  already 
obtained,  in  so  far  that  in  the  mouse,  the  rat,  and  the  beaver 
there  is  lymphoid  tissue  present  in  the  caecal  apex,  which  is 
heaped  up  into  prominent  masses  ;  or  else  the  leucocytes  are 
diffused  throughout  the  cteca  as  in  the  squirrel,  the  cavy,  and 
the  agouti ;  these  last  leading  up  to  the  Patagonian  cavy,  in 
which  there  are  no  leucocytes.  In  addition  to  thus  conforming 
to  the  previous  observations,  the  Eodentia  furnish  a  new  fact, 
viz.,  that  in  the  mouse  and  the  rat  the  lymphoid  tissue  tends  to 
be  specially  aggregated    together   into  one  part  of  the  caecum 
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only,  the  apical  portion,  which  is  differentiated  from  the  basal 
portion  by  means  of  a  slight  constriction.  When  it  is  remem- 
bered that  the  rabbit,  with  a  caecum  and  a  very  delinite  appendix 
containing  large  masses  of  lymphoid  tissue,  also  belongs  to  this 
group,  it  is  evident  that  the  Rodentia  furnish  some  most  impor- 
tant and  significant  information. 

Carnivora. 

Of  the  Carnivora,  the  cat  forms  the  type,  and  has  already  been 
described.     The  other  carnivorous  animals  examined  are  : — 

Hycena  st7'iata,  the  striped  hyasna. 
Canis  domesticus,  the  dog. 

The  cj€cal  apex  of  the  striped  hyicna  very  closely  resembles 
the  type.  It  is  depicted  in  PI.  XL  19.  The  apex  is  practically 
a  mass  of  lymphoid  tissue,  forming  distinct  germ  centres.  This 
specimen  is  further  remarkable  for  the  number  and  large  size 
of  the  macrophages  which  it  contains.  They  are  not,  of  course, 
visible  in  the  plate,  which  is  only  a  low-power  view. 

The  appearances  presented  by  the  caecum  of  the  dog  are 
shown  in  transverse  section  in  PI.  XI.  20.  The  appearances 
very  closely  resemble  those  of  ordinary  large  intestine,  that  is 
to  say,  Lieberkiihn's  follicles  cut  in  various  directions,  with  a 
small  amount  of  lymphoid  tissue  between  these  follicles.  At 
certain  places  there  are,  however,  both  at  the  ctecal  apex  and 
also  at  other  parts  of  the  ciecum,  large  and  very  definite  areas 
of  lymphoid  tissue  situated  in  the  submucosa. 

The  carnivora  examined  closely  resemble  the  type. — the  cat 
— and  fully  support  the  constantly  recurring  fact  that  lymphoid 
tissue  is  the  characteristic  feature  of  the  ca3cal  apex. 

Insectivora, — EriTiaceus  Europeus,  the  Hedgehog. 

Of  the  insectivorous  animals,  the  hedgehog,  a  hibernating 
animal,  was  the  only  one  which  could  be  obtained,  and  probably 
proved  one  of  the  worst  of  its  order,  inasmuch  as  it  possesses  no 
caecum.  Sections  were  made  from  the  junction  of  small  and 
large  intestine.     There  is  little  or  no  lymphoid  tissue. 
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Anthropoidea. 

In  the  Anthropoids,  a  vermiform  appendix  definitely  makes 
its  appearance.  It  is  present  as  a  distinctly  differentiated 
portion  of  the  alimentary  canal  in  the  Gibbon,  the  Orang,  the 
Chimpanzee,  the  Gorilla,  and  in  Man,. — that  is,  in  the  Simiidie 
and  Hominidse.  In  the  lower  Anthropoids  a  distinct  vermiform 
appendix  is  not  present ;  consequently,  in  the  following  animals 
the  caecal  apex  was,  as  usual,  examined  : — 

Hwpale  jacchus,  the  common  marmoset. 
Midas  Tufimanus,  the  red-handed  tamarin. 
Cynopithecus  niger,  the  black  ape. 
Cercopitheciis  albigularis,  Sykes'  monkey. 
Cercopithecus  mona,  the  Mona  monkey. 

As  the  first  five  of  these  specimens  all  closely  resemble  each 
other,  they  may  be  briefly  referred  to  together.  In  all  of  them 
the  lymphoid  tissue  is  present,  but  it  is  diffused  throughout  the 
length  of  the  caecum.  It  tends  to  be  best  marked  at  the  csecal 
apex  ;  and  in  the  last  of  the  series,  the  Mona  monkey,  there  is 
evidence  of  a  special  tendency  to  germ  centre  formation.  In 
the  red-handed  tamarin  there  is  a  well  marked  collection  of 
lymphoid  tissue  at  the  csecal  apex. 


H0MINID/E,--Mitn. 

The  microscopical  appearances  of  the  human  appendix  are  too 
ell  known  to  require  description.  Suffice  it  to  say,  that  the 
results  of  the  numerous  examinations  of  human  appendices 
made  in  connection  with  this  research  confirm  in  every  detail 
the  conclusions  arrived  at  by  such  well  known  writers  as  Clado 
(2),  Kelynack  (3),  and  Fowler  (4).  The  appendix  of  Man  is 
characterised  by  its  large  amount  of  lymphoid  tissue,  sometimes 
diffuse,  but  more  frequently,  especially  in  the  young,  aggregated 
together  into  germ  centres.  In  fact,  from  its  microscopic 
appearances,  it  well  deserves  the  name  which  has  been  applied 
to  it  of  '  aVjdoniinal  tonsil.' 
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Summary  of  Eesults. 

As  regards  the  animals  examined,  with  the  exception  of  the 
cold-blooded  animals,  the  skate  and  the  frog  ;  animals  which 
are  notoriously  difficult  of  classification,  such  as  the  marsupials 
and  the  sloths ;  the  hedgehog,  a  hibernating  animal  without  a 
caecum,  and  the  Patagonian  Cavy,  the  caeca  of  all  are  charac- 
terised by  large  amounts  of  lymphoid  tissue. 

The  lymphoid  tissue  is  either  specially  aggregated  together  in 
distinct  and  definite  masses,  and  more  especially  is  this  the  case 
when  the  Cccca  are  short,  as  in  the  cat  and  the  pigeon  ;  or  else 
it  is  diffused  throughout  the  total  length  of  the  caecum, 
particularly  when  this  structure  is  long,  as  in  the  domestic 
fowl,  the  pig,  and  the  sheep. 

In  all  instances  the  lymphoid  tissue  tends  to  be  better  marked 
at  the  caecal  apex,  or  at  all  events  very  near  the  caecal  apex,  as 
in  the  mouse  and  the  rat. 

In  the  majority  of  the  animals  examined,  the  amount  of 
lymphoid  tissue  contained  in  the  caecum  is  largely  in  excess  of 
that  contained  in  other  parts  of  the  large  intestine.  The  line 
of  demarcation  between  the  two  is  in  many  instances,  such  as 
in  the  pigeon,  the  rabbit,  the  cat,  the  mouse,  the  rat,  the  dog, 
the  striped  hyaena,  etc.,  most  abruptly  marked.  The  cfficum  is 
thus  in  warm-blooded  animals  and  the  higher  vertebrates 
generally  a  special  seat  of  lymphoid  tissue. 

Proceeding  a  stage  further,  it  is  known  that  the  vermiform 
appendix  of  Man  represents  the  true  apex  of  the  caecum 
(Treves,  5 ;  Berry,  6).  It  is  further  proved  beyond  all  doubt 
that  the  characteristic  feature  of  the  normal  human  appendix  is 
lymphoid  tissue  (Piibbert,  Clado,  Kelynack,  and  Fowler) ;  and  the 
facts  now  adduced,  and  added  to  the  foregoing,  point  to  the 
conclusion  that  the  histological  homologue  of  the  human 
appendix  is  to  be  found  in  the  caecum  of  the  lower  animals. 

It  has  been  shown  in  the  present  work  that  the  precise  seat 
of  the  lymphoid  tissue  in  the  caecum  varies  somewhat  in  the 
different  animals.  In  the  pigeon  it  occupies  the  entire  ctecal 
wall.  In  the  mouse  and  the  rat,  the  lateral  wall  of  the  crecum 
near  its  apex.  In  the  majority  of  the  animals  examined,  it 
occupies   the   caecal  apex   itself ;    whilst  lastly,  in    the  higher 
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vertebrates,  it  is  collected  into  a  specially  differentiated  portion 
of  the  intestinal  canal — the  vermiform  appendix. 

This  tendency  for  the  lymphoid  tissue  to  be  specially  collected 
together  into  a  differentiated  portion  of  the  alimentary  canal 
becomes  more  marked  in  certain  groups  of  the  vertebral  series 
as  follows  : — 

In  the  pigeon,  and  in  all  the  other  birds  examined,  the  lym- 
phoid tissue  occupies  the  whole  length  of  the  csecal  wall. 

In  two  of  the  rodents,  the  mouse  and  the  rat,  there  is  an 
attempt  at  a  constriction  in  the  caecum,  and  the  lymphoid 
tissue  is  confined  to  its  apical  portion. 

In  the  rabbit  this  constriction  has  become  much  more  clearly 
defined,  there  being  both  a  cfecum  and  an  appendage ;  the 
appendage  contains  such  large  quantities  of  lymphoid  tissue  as 
to  be  nothing  but  a  lymph  gland,  whilst  the  csecum  contains 
but  little  lymphoid  tissue. 

In  the  higher  Anthropoids,  the  Simiidge,  there  is  a  vermiform 
appendix. 

Lastly  comes  Man,  with  a  csecum  containing  little  lymphoid 
tissue,  and  a  vermiform  appendix,  with  large  quantities  of  such 
tissue. 

Assuming  this  view  to  be  correct,  that  the  lymphoid  tissue 
tends  to  be  collected  together  into  a  specially  differentiated 
portion  of  the  intestinal  canal,  a  knowledge  of  evolution  would 
almost  inevitably  require  the  occasional  occurrence  of  an  appen- 
dix in  some  one  of  the  lower  animals.  This  actually  is  the  case,, 
not  in  one  but  in  at  least  two  of  the  lower  animals — the 
wombat  and  the  capybara. 


Conclusions. 

1.  Lymphoid  tissue  is  the  characteristic  feature  of  the  caecal 
apex.  The  vermiform  appendix  of  Man  is  therefore  represented 
in  the  vertebrate  kingdom  by  a  mass  of  lymphoid  tissue,  situated 
most  frequently  at  the  c^ecal  apex. 

2.  As  the  vertebral  scale  is  ascended,  this  lymphoid  tissue 
tends  to  be  collected  together  into  a  specially  differentiated 
portion  of  the  intestinal  canal — the  vermiform  appendix. 
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3.  The  vermiform  appendix  of  Man  is  not,  therefore,  a  vesti- 
gial structure.  On  the  contrary,  it  is  a  specialised  part  of  the 
alimentary  canal. 


LIST   OF  THE  ANIMALS   EXAMINED. 

Pisces. 

Elasmobranchii— jRq/a  hatis,  the  skate. 

Amphibia. 

Anura — Rana  temporaria,  the  common  British  frog. 

Avas. 

Columha  livia,  the  pigeon. 
Bernida  jubata,  the  maned  goose. 
Polioaetus  plumheus,  the  plumbeous  fish  eagle. 
Leptoptilus  javanic^is,  the  Javan  adjutant. 
Galhis  domesticus,  the  domestic  fowl. 
Ansei',  the  common  goose. 

Mammalia. 

Marsupialia — Macropus  rufiis,  the  red  kangaroo. 
Edentata — Gholoepus  hoffmanni,  Hoffmann's  sloth. 
Ungulata — 

Siis,  the  pig. 

Ovis,  the  sheep. 

Tragulus  Stanlei/anus,  the  Stanley  chevrotain. 

Kodentia — 

Mus  m.usculus,  the  house  mouse. 
3Ius  decumanus,  the  rat. 
Castor  fiber,  the  European  beaver. 
DoUch'otus  pataclionica,  the  Patagonian  cavy. 
Sciurus  vulgaris,  the  common  squirrel. 
Dasyproda  cristata,  the  West  Indian  agouti. 
Dipus  jacidus,  the  Egyptian  jerboa. 
Lepus  i-miiculus,  the  rabbit. 

Carnivora. 

Felis  domesticus,  the  cat. 

Hycena  striata,  the  striped  hyfena. 

Canis  domesticus,  the  dog. 

Insectivora. 

Erinaceus,  the  hedgehog. 

Anthropoidea. 

Hapale  jacchus,  the  common  marmoset.  _ 
Midas  rufimanus,  the  red-handed  tamarin. 
Cynopithecus  niger,  the  black  ape. 
Cerrointliems  alhigularis,  Sykes'  monkey. 
Cercopithecus  mona,  the  Mona  monkey. 
Homo,  Man. 
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LIST   OF  ILLUSTRATIONS. 

Of  the  50  plates  prepared  for  the  illustration  of  this  article  the 
following  20  have  been  selected  for  publication  : — 

(1)  Rodentia — Lepus  nmiculus,  the  rabbit.  A  transverse  section 
through  the  vermiform  appendix  of  a  rabbit.  To  illustrate  the  lym- 
phoid tissue  projecting  inwards  towards  the  lumen  of  the  gut,  between 
the  villi. 

(2)  A  longitudinal  section  through  the  apex  of  the  vermiform 
appendix  of  a  full-term  foetal  rabbit. 

(3)  Carnivora — Felis  domesticus,  the  cat,  A  longitudinal  section 
through  the  caecal  apex  of  an  adult  cat.  To  illustrate  the  lymphoid 
tissue  collected  into  germ  centres. 

(4)  A  transverse  section  through  the  large  intestine  of  an  adult  cat. 
To  illustrate  the  comparative  absence  of  lymphoid  tissue  as  compared 
with  fig.  3. 

(5)  A  transverse  section  through  the  ca^um  of  a  full-term  foetal 
kitten. 

(6)  A  transverse  section  through  the  caecum  of  a  two-day-old 
kitten. 

(7)  A  longitudinal  section  through  the  csecal  apex  of  a  four-day-old 
kitten. 

(8)  A  longitudinal  section  through  the  cacal  apex  of  a  seven-day- 
old  kitten. 

(9)  A  transverse  section  through  the  small  intestine  of  a  kitten. 
To  illustrate  the  comparative  absence  of  lymphoid  tissue  in  the  small 
intestine  of  a  kitten,  as  compared  with  the  caecal  apex. 

(10)  Ayes— Columba  livia,  the  pigeon.  A  longitudinal  section 
through  the  large  intestine  and  one  of  the  two  caeca  of  a  pigeon. 

(11)  Aves — Gallns  domesticus,  the  domestic  fowl.  A  high-power 
view  of  a  transverse  section  through  the  middle  of  the  caecum.  To 
illustrate  the.diffusion  of  the  leucocytes  throughout  the  mucosa. 

(12)  A  longitudinal  section  through  the  caecal  apex  of  the  domestic 
fowl. 

(13)  Aves — Anser,  the  common  goose.  A  transverse  section 
through  part  of  the  large  intestine,  and  through  the  whole  of  one  of 
the  two  long  caeca  of  the  common  goose.  To  illustrate  the  large 
amount  of  lymphoid  tissue  contained  in  the  caecal  wall,  as  opposed  to 
the  small  amount  contained  in  the  wall  of  the  large  intestine. 

(14)  A  transverse  section  through  the  caecum  of  the  common  goose. 
A  higher  magnification  of  the  lymphoid  tissue  contained  in  the  wall  of 
the  caecum  of  the  common  goose. 

(15)  Rodentia — Mils  niusculus,  the  house  mouse.  A  longitudinal 
section  through  the  caecum  of  a  mouse.  To  illustrate  on  the  actual 
specimen  the  various  points  mentioned  in  figure  D. 

(16)  Rodentia — Mus  decumanus,  the  rat.  A  longitudinal  section 
through  the  wall  of  the  apical  portion  of  the  caecum  of  a  rat.  To 
illustrate  the  lymphoid  tissue  contained  in  that  portion  of  the  Avall  of 


100      THE   TRUE   CiECAL   APEX,    OR   THE   VERMIFORM'  APPENDIX. 

the  csecum.  .The  cfecum  of  the  rat  resembles  the  caecum  of  the 
mouse  in  all  respects. 

(17)  Eodentia — Castor  fiber,  the  European  beaver.  A  longitudinal 
section  through  the  caecal  apex  of  the  European  beaver.  To  illustrate 
the  large  amount  of  lymphoid  tissue. 

(IS)  'Ko(\.Qii\Aa,—DoU(:hohis  patachonica,  the  Patagonian  cavy.  A 
vertical  section  through  the  csecal  apex  of  the  Patagonian  cavy.  To 
illustrate  the  serrated  appearance  presented  by  the  mucosa. 

(19)  Carnivora — Hycena  striata,  the  striped  hyaena.  A  longi- 
tudinal section  through  the  caecal  apex  of  the  striped  hyaena.  To 
illustrate  the  large  amount  of  lymphoid  tissue  at  the  eaecal  apex,  and 
its  collection  into  germ  centres.     A  higher  magnification  also  shows, 

,  in  this  specimen,  a  number  of  beautiful  macrophages.     These  cannot 
be  seen  in  the  plate. 

(20)  Garnivora — Cam's  domesticus,  the  dog.  A  transverse  section 
through  the  ca3cum  of  a  dog.  To  illustrate  the  lymphoid  tissue 
collected  into  well  marked  and  definite  areas,  somewhat  resembling  a 
solitary  gland. 
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ON  THE  MOVEMENT  OF  THE  LOWER  END  OF  THE 
EADIUS  IN  PRONATION  AND  SUPINATION,  AND 
ON  THE  INTEROSSEOUS  MEMBRANE.  By  James 
F.  Gemmill,  M.A.,  M.D. 

This  paper  naturally  divides  itself  into  two  parts,  the  first 
dealing  with  the  movement  of  the  lower  end  of  the  radius,  and 
the  second  with  the  action  of  the  main  sheet  of  the  interosseous 
membrane  during  pronation  and  supination. 

I. 

There  is  a  curious  discrepancy  in  the  teaching  of  anatomists 
as  to  where  the  axis  of  the  circumduction  curve  described  by 
the  lower  end  of  the  radius  lies  in  relation  to  the  head  of  the 
ulna.  By  Ellis  ^  the  axis  of  this  curve  is  said  to  pass  through 
the  styloid  process  of  the  ulna.  Quain's  text-book-  contains 
the  same  statement,  but  indicates  that  the  insertion  of  the  apex 
of  the  triangular  ligament  is  meant.  In  the  greater  number  of 
text-books  the  place  of  insertion  of  the  triangular  ligament  at 
the  root  of  the  styloid  process  is  definitely  stated  to  be  the 
centre  of  the  circumduction  curve,  this  ligament  being  supposed 
to  act  as  a  fiexible  or  movable  spoke  to  hold  the  radius  against 
the  ulna  as  it  rotates  in  the  arc  of  a  circle  (Morris).^ 

The  following  authors  give  this  view : — Morris,  loc.  cit. ; 
Cleland  and  Mackay,  Human  Anatomy,  p.  157;  Cruveilhier, 
Traite  d' Anatomic  Descriptive,  1871,  vol.  i.  p.  366;  Debierre, 
Anatomic  de  VHomme,  p.  231 ;  Gegenbaur  (French  translation), 
Trait6  d' Anatomic,  1889,  p.  292;  G.  M.  Humphry,  Treatise  on 
the  Human  Skeleton,  1858,  p.  425  ;  Todd's  Cyclopedia  of  Anatomy 
and  Physiology,  vol.  iv.  p.  230  ;  etc. 

F.  0.  Ward,^  on  the  other  hand,  states  that  the  centre  of 
curvature  of  the  lesser  sigmoid  cavity  of  the  radius  is  also  the 

^  DemoTistratmis  of  Anatomy,  1890,  p.  326. 

-  Tenth  edition,  vol.  ii.  pt.  ii.  p.  170. 

^  Aiuttohvj  of  the  Joints  of  Man,  1879,  p.  261. 

■*  F.  0.  Ward,  Outlines  of  Human  Osteology,  p.  222. 


102  DR   JAMES   F.    GEMMILL. 

centre  of  the  circumduction  curve.  In  this  respect  he  is 
followed  by  Holden}-  Morris  {loc.  cit.)  and  Brimton  in  Todd's 
Cydo'pccdia  {loc.  cit.) ;  but  while,  according  to  Ward,  this  point 
lies  in  the  middle  of  the  head  of  the  ulna,  according  to  the 
other  two  it  is  placed  in  the  groove  between  the  styloid  process 
and  head  of  the  ulna. 

In  the  other  works  which  I  have  been  able  to  consult,  the 
centre  of  the  circumduction  curve  is  placed  more  or  less  defi- 
nitely in  the  centre  of  the  head  of  the  ulna.  Thus  Sappcy- 
states  that  the  inferior  extremity  of  the  radius  turns  round  the 
axis  of  the  ulna.  So  also  KrauseJ  The  same  idea  is  implied,  if 
not  expressly  stated,  in  a  paper  by  Hciherg.'^  According  to 
Mayer, ^  the  axis  of  circumduction  of  the  radius  "  passes  through 
the  capitulum  ulna;  rather  nearer  the  styloid  process  of  the 
ulna."  By  Tcstut^  the  axis  of  circumduction  is  said  to  "pass 
through  the  head  of  the  ulna."  Macalister ''  states  that  the  axis 
of  motion  traverses  the  lower  end  of  the  ulna  external  to  the 
styloid  process,  and  Gray^  that  rotation  takes  place  round  an 
axis  which  corresponds  to  the  centre  of  the  head  of  the  ulna. 

The  view  given  by  Ward,  Macalister,  Gray,  and  the  others 
last  quoted  is,  I  think,  the  right  one ;  but  as  it  differs  from  the 
account  given  by  so  many  others,  the  whole  matter  may  be  said 
to  be  still  open  for  discussion  and  analysis.  The  point  at  issue, 
be  it  stated  here,  is  independent  of  the  vexed  question  regarding 
movement  of  the  ulna  in  pronation  and  supination.  Movement 
of  the  radius  alone,  in  relation  to  the  head  of  the  ulna,  falls  to 
be  considered  here. 

The  chief  factor  determining  the  form  of  the  circumduction 
curve  is  to  be  found,  not,  as  indicated  by  Ward  {loc.  cit.),  in  the 
curvature  of  the  lesser  sigmoid  cavity,  but  in  the  curvature  of 
the  articular  surface  of  the  ulna  at  the  inferior  radio-ulnar 
joint.    This  curvature  in  the  plane  of  circumduction  is  a  segment 

^  Human  Osteology,  1887,  p.  316. 

-  Anatomie  Descriptive,  1867,  torn.  i.  p.  622. 

^  Speclelle  und  MahvscojnscJic  Anatomic,  1879,  vol.  ii.  \\  101. 

■^  Journal  of  Anatomy  and  Pliysiology,  vol.  xix.  p.  239. 

^  Statik  u.  Mechanik  des  Menschlichen  Knoclien-geriistes,  1873,  p.  142-143. 

''  Traitd  d'Anafinin'/'  Ilumaine,  vol.  i.  p.  401. 

'■  Human  Anatomy,  1889,  p.  154. 

**  Human  Anatomy,  1897,  p.  350. 
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of  a  circle,  the  centre  of  which  lies  in  the  middle  of  the  head  of 
the  ulna,  at  a  point  considerably  external  to  the  attachment  of 
the  triangular  ligament.  As  the  radius  in  pronation  and  supi- 
nation glides  closely  over  the  ulnar  articular  surface,  it  is  only 
reasonable  to  infer  that  the  centre  of  the  circumduction  curve 
will  also  lie  in  the  middle  of  the  head  of  the  ulna.  The  lesser 
sigmoid  cavity  of  the  radius,  by  providing  an  almost  accurately 
fitting  concave  surface,  prevents  any  movement  on  the  part  of 
the  radius  other  than  pure  circumduction,  or  at  least  makes  such 
movement  possible  only  under  circumstances  of  exceptional 
strain.  The  arrangements  at  the  upper  radio-ulnar  joint  con- 
duce to  the  same  result  (see  Ward,  loc.  cit.). 

If  the  movements  of  pronation  and  supination  be  performed 
artificially  in  any  forearm  which  has  been  dissected  to  exhibit 
the  ligaments,  it  will  be  found  that  in  full  pronation  the  anterior 
limb  of  the  triangular  ligament  is  slackened,  while  the  posterior 
limb  is  taut.  In  full  supination  the  converse  is  the  case.  Only 
at  or  near  the  position  of  semi-pronation  are  both  limbs  equally 
stretched.  Were  the  centre  of  motion  placed  at  the  insertion 
of  the  triangular  ligament,  one  would  expect  to  find  equal 
tension  of  both  limbs  in  every  position.  Compare  Sappey, 
op.  cit,  p.  622. 

A  tracing  of  the  circumduction  curve  in  relation  to  the  head 
of  the  ulna  may  be  got  in  the  following  way — (a  similar 
method  is  described  by  Heiberg,  loc.  cit.) : — 

Disarticulate  at  the  wrist  a  forearm  of  which  the  ligaments 
are  intact.  Drive  a  stout  needle  of  suitable  length  upwards 
into  the  lower  end  of  the  radius  near  the  styloid  process,  and 
another  into  the  lower  end  of  the  ulna  at  the  insertion  of  the 
triangular  ligament.  Fix  the  ulna  immovably  at  its  natural 
inclination  to  a  horizontal  plane  surface  in  such  a  way  that  the 
needles  rest  against  the  plane.  On  pronating  and  supinating 
the  radius,  the  needle  attached  to  the  radius  describes  a  curve 
tracing  which  is  as  nearly  as  possible  a  semicircle,  if  the  move- 
ments are  fully  carried  out.  By  compass  measurement  it  will 
be  found  that  the  centre  of  this  semicircle  lies  external  to  the 
insertion  of  the  triangular  fibroplate  at  a  point  corresponding 
to  the  centre  of  the  capituluni  ulnae. 

The  thickly  outlined  curve,  CO.,  in  fig.  1,  was  obtained  in  the 
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manner  described  above.  0  points  to  the  centre  of  the  head 
of  the  uhia,  which  corresponds  almost  exactly  to  the  centre  of 
curvature  of  C.C.  L  and  S  point  respectively  to  the  place  of 
insertion  of  the  triangular  ligament  and  to  the  tip  of  the  styloid 
process  of  the  ulna.  M  represents  the  position  of  the  needle 
fixed  in  the  radius  at  semi-pronation,  and  M'  and  M"  the 
position  of  the  needle  in  pronation  and  supination  respectively. 


'^fl 


Fig.  1. — C.C,  circumduction  curve  ;  0,  centre  of  head  of  ulna  ;  L,  attachment 
of  triangular  ligament  ;  S,  tip  of  styloid  process  of  ulna.  (Explanation  in 
text. ) 

Circles  (the  dotted  ones)  have  been  described  with  L.M.  and 
S.M.  as  radius ;  and  it  will  be  seen  that  these  circles  by 
no  means  coincide  with  the  circumduction  curve.  Also  the 
distances  S.M.'  and  S.M."  are  less  than  the  distance  S.M. — that 
is  to  say,  the  distance  between  the  styloid  processes  of  radius  and 
ulna  is  less  in  full  pronation  and  supination  than  in  the  middle 
position.  This  fact  can  be  verified  on  the  living  subject. 
Accurate  measurement  is,  perhaps,  impossible,  but  by  means  of 
a  suitable  pair  of  callipers  or  by  a  clamp,  approximate  results 


MOVEMENT  OF  THE  LOWER  END  OF  THE  RADIUS. 


105 


may  be  got.  I  was  able  to  make  out  an  appreciable  narrowing 
in  transverse  measurement  in  each  one  of  a  considerable  number 
of  wrists  experimented  on. 

Attention  does  not  seem  to  have  been  called  to  the  fact,  that 
in  the  course  of  circumduction  the  lower  end  of  the  radius 
changes  its  level  relatively  to  the  lower  end  of  the  ulna.  A 
certain  amount  of  vertical  motion  on  the  part  of  any  point  in 
the  lower  end  of  the  radius  relatively  to  the  ulna  is  involved  in 
circumduction. 

Disarticulate  a  forearm  at  the  wrist  joint.  Fix  the  ulna 
immovably  perpendicular  to  a  fixed  plane  in  such  a  manner 
that  the  styloid  process  of  the  radius  is  just  touching  the  plane 
when  in  the  semi-prone  position.  If  pronation  and  supination 
be  now  carried  out,  it  will  be  found  that  in  both  of  these  posi- 


FiG.  2. — R  and  U,  radius  and  ulna  near  semi-pronation ;  A,  axis  of  circumduc- 
tion cone.  The  dotted  outline  R'  the  radius  near  extreme  pronation. 
The  level  of  the  lower  end  of  R  is  indicated  by  the  horizontal  line  L,  and 
that  of  R'  by  the  line  L'.  The  distance  (D)  between  L  and  L'  represents 
the  amount  of  vertical  motion  relatively  to  the  ulna  of  the  styloid  process 
of  the  radius  in  pronation. 

tions,  but  especially  in  full  pronation,  the  styloid  process  of  the 
radius  recedes  considerably  from  the  fixed  plane.  In  well- 
developed  forearms  this  recession  of  the  styloid  process  amounts 
to  as  much  as  2-  or  3-sixteenths  of  an  inch.  All  points  in  the 
distal  end  and  shaft  of  the  radius,  lower  than  the  place  of 
emergence  from  the  radius  of  the  axis  of  circumduction,  undergo 
a  vertical  movement  similar  in  kind,  but  less  in  amount,  accord- 
ing as  the  points  taken  are  nearer  the  inner  border  or  higher  up 
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the  shaft  of  the  radius.  The  reason  for  this  vertical  move- 
ment lies  in  the  fact  that  the  axis  of  this  circumduction  curve 
is  placed  obliquely  to  the  axis  of  the  ulna.  The  base  of  the 
cone  is  therefore  placed  obliquely  also,  and  has  one  part  of  its 
circumference  lower  than  any  other  part  in  relation  to  the  head 
of  the  ulna.  This  lowest  part  corresponds  to  the  place  of  inter- 
section of  the  circumduction  cone  by  a  plane  which  contains 
the  axis  of  circumduction  and  the  axis  of  the  ulna.  The  styloid 
process  of  the  radius  lies  at  this  point  (and  therefore  in  its 
lowest  position),  a  little  to  the  supination  side  of  semi- 
pronation. 

Fig.  2  is  meant  to  explain  the  vertical  movement  in  question. 
The  fig.  is  purely  diagrammatic,  and  exaggerates  the  relations  it 
is  meant  to  illustrate. 

The  fact  indicated  above  can  also  be  made  out  from  skiagrams 
of  the  forearm  in  pronation  and  supination.  It  also  helps  to 
explain  the  circumstance  that  a  slight  amount  of  abduction  at 
the  wrist  accompanies  full  pronation. 


II.  Interosseous  Membrane. 

As  is  well  known,  the  main  sheet  of  the  interosseous  mem- 
brane of  the  forearm  consists  of  fibres  which  run  obliquely 
downwards  and  inwards  from  radius  to  ulna.  The  membrane  is 
of  considerable  strength,  and  is  best  developed  at  a  part  which 
has  its  outer  origin  near  the  junction  of  the  upper  and  middle 
thirds  of  the  radius,  and  its  inner  origin  near  the  junction  of 
the  middle  and  lower  thirds  of  the  ulna.  An  idea  of  the 
strength  of  the  membrane  may  be  obtained  in  the  following 
way: — Eemove  all  the  structures  connecting  radius  and  ulna 
except  the  interosseous  membrane.  Fix  the  shaft  of  the  radius 
firmly  in  a  vertical  position  by  means  of  a  vice.  Weights  may 
now  be  hung  on  to  the  lower  end  of  the  ulna  by  means  of  a 
suitable  loop.  It  will  be  found  that  the  interosseous  membrane 
of  an  average  forearm  can  bear  without  breaking  a  strain  of 
20  stones  (280  lbs.).  The  manner  in  which  the  interosseous 
membrane  is  put  on  the  stretch  by  forces  acting  in  certain 
directions  can  readily  be  demonstrated  in  the  dissecting-room, 
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by  pushing  the  radius  upwards  while  the  ulna  is  kept  fixed, 
or  by  pulling  the  ulna  downwards  when  the  radius  is  kept 
fixed. 

It  has  long  been  recognised  that  the  interosseous  membrane 
plays  an  important  part  in  transmitting  to  the  ulna  any  force 
acting  upwards  through  the  radius,  and,  conversely,  in  trans- 
mitting to  the  radius  a  downward  thrust  on  the  part  of  the 
ulna.  A  good  account  of  this  action  of  the  interosseous  mem- 
brane, and  of  the  anatomical  conditions  which  make  it  neces- 
sary, will  be  found  in  Morris's  Anatomy  of  the  Joints,  1879, 
p.  260.     See  also  Holden,  Human  Osteology,  1887,  p.  316. 

In  this  function  the  interosseous  membrane  is  assisted  mate- 
rially by  the  triangular  ligament,  to  whose  action  in  receiving 
the  thrust  of  the  lower  end  of  the  ulna,  Professor  Clelaud 
attracts  my  attention  as  all  the  more  worthy  of  remark,  now 
that  it  is  known  by  means  of  skiagraphs  how  little  support  the 
ulna  gets  from  the  cuneiform  bone.  In  this  connection  it  is 
worth  remembering  that  in  some  animals  the  interosseous  mem- 
brane and  the  triangular  ligament  are  continuous  with  one 
another,  the  place  of  the  inferior  radio-ulnar  joint  being  taken 
by  fibrous  tissue.  (See  F.  G.  Parsons  in  Journ.  of  Anat.  and 
Phys.,  Oct.  1899.) 

From  the  direction  of  the  fibres  the  main  sheet  of  the  inter- 
osseous membrane  is  of  little  use  in  transmitting  to  the  ulna  a 
downward  pull  on  the  radius.  The  so-called  'oblique'  liga- 
ments and  the  scattered  fibres  parallel  to  them  in  the  rest  of 
the  membrane  run  in  the  proper  direction,  but  are  compara- 
tively weak.  Under  ordinary  circumstances  they  are  reinforced 
by  the  muscles  arising  from  the  humerus  and  inserted  into  the 
wrist  and  hand,  which,  when  acting,  suspend  these  parts 
directly  from  the  humerus  as  in  a  sling.  If  the  muscles  in 
question  be  put  out  of  action,  the  lifting  power  of  the  forearm 
is  greatly  lessened.  Suspend  a  moderately  heavy  weight  by 
means  of  a  suitable  loop  round  the  wrist,  at  the  same  time 
keeping  the  muscles  of  the  forearm  slack.  In  a  short  time 
more  or  less  acute  discomfort  will  be  felt  at  the  outer  and  fore 
part  of  the  elbow  joint.  Some  such  result  is  to  be  expected, 
seeing  that  the  radius  has  not  direct  ligamentous  connection 
with  the  humerus. 
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The  behaviour  of  the  main  sheet  of  the  interosseous  mem- 
brane in  pronation  and  supination  deserves  attention,  because 
{as  has  been  noted  by  various  anatomists)  the  dimensions  of 
the  interosseous  space  change  considerably  in  the  different  posi- 
tions. Accurate  measurement  of  these  dimensions  is  by  no 
means  easy,  because  the  bones  are  lying  now  parallel  and  now 
diagonal  to  one  another.  The  following  method  gives  fairly 
exact  results.  An  outline  of  the  ulnar  interosseous  edge  of 
natural  size  is  made  on  a  piece  of  paper,  and  is  divided  by 
suitable  markings  into  a  great  number  of  equal  parts.  Dots 
corresponding  to  each  of  these  markings  are  made  on  the  inter- 
osseous edge  of  the  ulna  itself.  By  means  of  a  pair  of  com- 
passes, the  distance  between  each  of  these  dots  on  the  ulna  to 
the  nearest  point  on  the  interosseous  edge  of  the  radius  is 
taken,  and  is  then  transferred  to  the  paper  opposite  to  its 
corresponding  mark  on  the  outline  of  the  ulnar  edge.  A 
new  series  of  points  is  thus  obtained,  by  joining  which  a  pro- 
jection outline  of  the  interosseous  edge  of  the  radius  at  its 
absolute  distance  from  that  of  the  ulna  is  given.  On  com- 
paring the  interosseous  spaces,  marked  out  thus  in  pronation, 
in  the  middle  position  and  in  supination,  one  finds  that  the 
transverse  measurements  are  reduced  by  a  fifth  or  a  sixth 
in  pronation  as  compared  with  the  middle  position,  while  in 
supination  they  change  very  shghtly,  being  at  certain  parts  a 
little  greater,  and  at  others  a  little  less  than  in  the  middle 
position.  One  would  naturally  expect  to  find  the  interosseous 
membrane  slackened  very  considerably  in  pronation,  but  as  a 
matter  of  fact  this  occurs  only  in  a  very  limited  sense.  Trans- 
versely the  membrane  is  made  lax,  and  even  thrown  into  folds, 
but  the  most  important  part  of  the  membrane,  namely,  its  long 
fibres,  is  kept  almost  uniformly  taut.  This  is  necessary  if  the 
membrane  is  to  remain  capable  of  transmitting  pressure  from 
radius  to  ulna  in  all  positions.  The  slight  upward  movement 
of  the  radius  indicated  previously  in  this  paper  as  occurring 
especially  in  pronation,  serves  to  balance  the  effect  of  the 
narrowing  of  the  interosseous  space,  so  that  the  distance 
between  the  origin  and  insertion  of  each  fibre  remains  as  nearly 
as  possiljle  the  same  during  the  whole  of  circumduction. 

If  one  follows  the  line  of  the  axis  of  the  circumduction  cone, 
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and  compares  this  line  with  the  direction  of  the  interosseous 
fibres,  it  will  be  found  that  the  two,  while  not  quite  parallel, 
are  nearly  so. 

It  results  that  each  fibre  of  this  part  of  the  interosseous 
membrane  is  not  far  from  lying  in  the  axis  of  circumduction 
of  the  piece  of  the  radius  to  which  it  is  attached.  Obviously 
this  arrangement  is  excellently  suited  for  keeping  the  fibres 
uniformly  taut  in  every  position,  whether  of  pronation  or 
supination. 

The  pull  of  the  muscles  which  arise  from  the  interosseous 
membrane  is  transmitted  chiefly  to  the  radius.  As  the  radius 
alone  articulates  directly  with  the  carpus,  an  equilibration  of 
forces  round  the  wrist-joint  will  be  established  when  these 
muscles  are  in  action.  In  this  connection  the  direction  of  the 
fibres  of  the  interosseous  membrane  between  tibia  and  fibula 
deserves  attention.  Movements  of  pronation  and  supination  do 
not  take  place  here,  and  the  tibia  is  the  sole  column  of  support. 
The  fibres  of  the  interosseous  membrane  run  mainly  downwards 
from  tibia  to  fibula.  By  this  arrangement  the  strain  of  muscles 
arising  from  the  interosseous  membrane  and  from  the  shaft  of 
the  fibula  is  sent  on  to  the  tibia,  and  a  balancing  of  forces 
takes  place  round  the  ankle-joint  similar  to  what  occurs  at  the 
wrist.  Also  the  contraction  of  the  group  of  muscles  just 
named  will  in  no  way  interfere  with  the  slight  but  important 
movement  of  the  fibula  on  the  tibia  which  takes  place  in  flexing 
and  extending  the  ankle-joint. 


TWO  ANOMALOUS  FOEMS  OF  DUODENAL  POUCHES. 
By  H.  D.  EOLLESTON,  M.D.,  F.E.C.P.,  Physician  to  St 
Georges    Hospital,   and    W.    J.    Fenton,    M.B.,    M.E.C.P., 

Curator  of  the  Museum,  St  Georges  Hospital. 

The  occurrence  of  duodenal  pouches  at  the  entrance  of  the 
common  bile  duct  and  pancreatic  duct  is  a  well  known  develop- 
mental abnormality.  The  constant  position  of  these  duodenal 
pouches  strongly  suggests  that  their  occurrence  depends  on  the 
hepatic  diverticulum  weakening  the  wall  of  the  duodenum  at 
its  point  of  departure,  and  thus  allowing  a  pouching  to  take 
place. 

We  desire  to  put  on  record  two  unusual  forms  of  duodenal 

pouches. 

I.  Bifid  Duodenal  Pouch. 

In  the  first  case  the  duodenal  pouch  is  in  its  usual  position, 
namely,  immediately  above  the  biliary  papilla ;  but  the  pouch 
is  completely  divided  into  two  by  a  fold  of  mucous  membrane, 
which  covers  over  the  common  bile  duct  on  its  way  to  the  biliary 
papilla.  In  ordinary  duodenal  pouches,  the  common  bile  duct 
runs  along  under  the  floor  of  the  pouch.  In  the  present  instance 
it  is  on  a  level  with  the  mucous  membrane  of  the  duodenum 
around  the  pouch,  and  has  lifted  up  the  mucous  membrane 
covering  it,  so  as  to  divide  completely  what  probably  was  at 
one  time  a  single  pouch  into  two  distinct  diverticula.  The 
orifices  of  these  two  pouches  are  of  the  same  size,  \  inch  in 
diameter,  and  are  well  seen  in  fig.  1, 

The  two  poaches  were  embedded  in  the  head  of  the  pancreas, 
and  surrounded  by  loose  connective  tissue.  When  viewed  ex- 
ternally, they  appear  quite  distinct  {vide  fig.  2), 

The  walls  of  the  pouches  are  very  thin.  Microscopic  sections 
cut  in  paraffin  only  showed  mucous  membrane. 

The  common  bile  duct  and  Wirsung's  duct  open  separately 
•on  the  top  of  a  papilla ;  there  is  no  ampulla  of  Vater.     In  their 
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Ill 


description  of  the  anatomy  of  the  Vaterian  region  of  the   duo- 
cleiium,  Letulle  and  Xattan-Larrier  ^  describe  four  types  of  the 


F]G.  1. — Bifid  duodenal  pouch  ;  the  orifices  of  the  two  pouches  in  the  duodenum 
are  deeply  shaded.  The  openings  of  the  common  bile  duct  and  of  Wirsung's 
duct  are  seen  on  a  papilla,  which  is  continuous  with  the  fraenum  of  mucous 
membrane  separating  the  two  pouches. 


Fig.  2. — The  outside  of  the  duodenum  showing  two  pouches,  which  are  quite 
distinct,  the  cut  end  of  Wirsung's  duct,  and  the  common  bile  duct. 

openings  of  the  common  bile  and  Wirsung's  ducts.     The  fourth, 
in  which  the  two  canals  open  simultaneously  at  the  same  level 

1  Bull.  Soc.  Anat.  Paris,  1899,  p.  987. 
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on  a  prominent  papilla  without  any  ampiillary  cavity,  corre- 
sponds to  this  specimen. 

This  specimen  was  removed  from  the  body  of  an  emaciated 
woman,  who  died  of  hepatic  cirrhosis.  For  the  excellent  draw- 
ings which  illustrate  this  specimen,  we  are  much  indebted  to 
P.  L.  Mummery,  Esq.,  F.E.C.S.,  at  present  House-Surgeon  to 
St  George's  Hospital. 

A  similar  specimen  of  a  double  duodenal  pouch  has  been 
observed  by  Nattan-Larrier.^ 

It  is  conceivable  that  the  evolution  of  this  double  pouch 
was  as  follows: — That  the  pouch  was  originally  an  ordinary 
single  duodenal  pouch,  and  remained  so  until,  as  the  result 
of  visceroptosis,  the  duodenum  tended  to  prolapse  and  fall 
towards  the  pelvis.  The  bile  duct  would  then  hold  the 
duodenum  up,  and  in  so  doing,  would  become  taut,  and  lift 
up  the  mucous  membrane,  covering  it  in  the  floor  of  the  pouch. 
We  do  not  venture  to  state  dogmatically  that  this  is  the  true 
explanation ;  it  is  quite  possible  that  the  diverticula  were 
separate  from  the  time  of  their  formation.  Meckel's  diverti- 
culum, which,  though  not  strictly  homologous  to,  has  analogies 
with  a  duodenal  pouch,  may  be  knobby  or  hammer-shaped,  from 
secondary  pouches,  as  in  cases  figured  by  L.  Hudson.^ 


II.  Duodenal  Pouch  in  the  neighbourhood  of  the  Opening 
OF  Santorini's  Duct  of  the  Pancreas. 

Cases  2  and  3  showed  pouches  possibly  of  this  nature,  though 
Santorini's  duct  was  not  dissected  out  in  either. 

In  case  2  there  was  a  pouch  i  inch  in  dia,meter  and  |  incli 
deep  embedded  in  the  head  of  the  pancreas  ;  it  was  |  inch  above 
the  biliary  papilla. 

In  case  3  there  was  a  smaller  pouch,  -|-  inch  deep  and  l  inch 
in  diameter,  situated  ^  inch  above  the  biliary  papilla,  but  other- 
wise exactly  in  the  same  position  as  the  pouch  in  case  2. 

There  was  no  sign  of  ulceration ;  microscopic  sections,  cut  in 

1  Bull.  Sor.  Annt.  Paris,  1898,  p.  4. 

a  Hudson,  Trans.  Path.  Sor.,  vol.  xl.  p.  98 


TWO   ANOMALOUS   FORMS   OF   DUODENAL   POUCHES.  113 

paraffin,  showed  that  the  walls  of  the  pouches,  which  were  very 
thin,  were  only  composed  of  mucous  membrane. 

Although  Santorini's  duct  was  not  found,  it  seems  possible 
that  these  two  pouches  were  related  to  it,  in  the  same  way 
that  the  ordinary  duodenal  pouches  are  to  the  biliary  papilla. 

The  distance  of  the  opening  of  Santorini's  duct  from  the 
biliary  papilla  varies,  according  to  Letulle  and  Nattan-Larrier, 
between  10  millimetres  (-39  inch)  and  35  millimetres  (1-38  inch), 
so  these  pouches  are  well  within  these  extremes  in  point  of 
distance. 
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THE  ANATOMY  OF  THE  DIGESTIVE  TRACT  IN  THE 
SALMON.  By  G.  Lovell  Gulland,  M.A.,  B.Sc,  M.D., 
F.E.C.P.E.,  Assistant  Physician  to  the  Royal  Infirmary,  Edin- 
hurgh,  etc. 

In  the  April  number  of  the  Journal  of  Anatomy  and  Physiology, 
Dr  Kingston  Barton  writes  on  the  above  subject,  with  the  object 
of  proving  my  contention  (Eeport  to  the  Fishery  Board  for 
Scotland  of  Investigations  on  the  Life  History  of  the  Salmon  in 
Fresh  Water,  1898)  that  the  stomach  and  intestine  of  the  salmon 
in  fresh  water  undergo  a  desquamative  catarrh,  to  be  erroneous. 
In  the  first  page  of  his  paper  he  seems  to  contend  that  the  fixing 
of  my  specimens  with  perchloride  of  mercury  had  something  to 
do  with  the  appearances  described  by  me,  while  on  the  second 
page  he  appears  to  maintain  that  these  appearances  are  due  to 
post-mortem  changes. 

Let  me  take  these  points  in  order.  Dr  Barton  entirely  over- 
looks the  fact  that  my  normal  salmon  and  trout  viscera  were  also 
fixed  in  sublimate,  and  that  these  presented  not  the  slightest 
appearance  of  desquamation  (see  my  figures),  and  it  is  the  uni- 
versal experience  of  histologists  that  sublimate  is  one  of  the 
best  and  most  reliable  of  fixing  agents.  I  have  used  it  now 
for  every  kind  of  tissue  for  sixteen  years,  and  have  always  found 
it  a  perfect  fixative  for  epithelium,  and  in  particular  very 
much  to  be  preferred  to  the  chromic  acid  solution  which  he 
employed. 

His  second  contention  appears  to  be  more  worthy  of  attention. 
Are  the  changes  which  I  described  as  a  desquamative  catarrh  due 
to  ijost-mortem  change,  or  are  they  alterations  which  occur 
during  life?  On  p.  IG  of  my  paper  I  discussed  this  question  in 
detail,  and  gave,  as  my  reasons  for  believing  the  change  to  be  ante- 
mortem,  the  following  facts  : — 

(1)  That  the  change  is  not  entirely  confined  to  the  epithelium. 
The  connective  tissue  of  the  deeper  parts  of  the  mucous  membrane 
is  hyaline,  the  stratum  compactum  swollen,  the  eosinophile  leuco- 
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cytes  in  the  connective  tissue  increased  in  number,  and  the 
capillary  blood-vessels  congested  ;  while,  on  the  other  hand,  the 
connective  tissue  is  not  digested. 

(2)  That  the  stomach  and  intestines  of  the  trout  fixed  six  hours 
post-mortem  cannot  be  distinguished  from  those  fixed  immediately 
after  death ;  and  that  many  of  the  salmon  from  the  upper  waters 
reached  the  laboratory  within  that  time  from  their  capture.  Dr 
Barton's  remarks  on  the  stomach  of  the  trout  on  p.  6  are  without 
relevance. 

(3)  A  salmon  captured  at  sea  was  not  examined  until  thirty-six 
hours  post-mortem,  and  except  that  the  "  superficial "  epithelium 
was  slightly  altered,  but  not  desquamated,  as  a  result  of  post- 
mortem changes,  the  stomach  was  quite  normal. 

(4)  The  kelts,  whose  stomachs  showed  much  the  same  appear- 
ance as  that  of  the  salmon  from  the  sea,  and  whose  glandular 
epithelium  was  packed  with  zymogen  granules,  did  not  reach  the 
laboratory  until  nearly  as  long  a  time  had  elapsed,  much  longer 
than  most  of  the  unspawned  fish  from  the  upper  waters. 

Supported  by  these  facts  I  believed  myself  entitled  to  con- 
sider the  change  one  which  occurred  during  life,  and  Dr  Barton 
himself  admits  that  the  stomach  of  the  salmon  in  fresh  water  is 
not  in  a  normal  condition  by  talking  of  it  as  "  comparatively 
functiouless,"  and  therefore  more  easily  affected,  and  by  saying 
that  the  epithelial  cells  probably  do  "  not  present  a  normal 
functional  condition."  Certainly  his  figures  do  not  show  a  normal 
appearance,  for  the  secreting  cells  appear  to  be  absent. 

Dr  Barton  would  perhaps  have  acted  more  fairly  had  he  more 
clearly  presented  these  considerations  to  his  readers. 

But  Dr  Barton  does  not  merely  criticise  my  results,  he  describes 
the  stomachs  and  pyloric  appendages  of  two  male  salmon  taken 
from  the  upper  waters  of  the  Fowey  in  November  as  showing 
"perfectly  normal  epithelium,  and  not  the  slightest  evidence  of 
a  desquamative  catarrh."  The  Fowey  is  a  short  river,  and  it  is 
impossible  to  say  how  long  these  fish  had  been  out  of  salt  water, 
and  whether  they  are  really  comparable  with  my  fish  from  the 
upper  waters  of  longer  rivers.  The  observation  is,  however, 
certainly  of  interest,  and  it  indicates  that  the  question  is  one 
deserving  more  extended  study.  Such  a  Hmited  series  of  observa- 
tions cannot  be  at  once  accepted  as  a   refutation  of   my  much 
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more  prolonged  and  extensive  observations.  I  regret  that  at  the 
time  these  were  made  it  was  impossible  to  fix  the  viscera  of  the 
upper  water  fish  at  the  river-side ;  and  the  question  can  only  be 
definitely  settled  by  making  a  series  of  examinations  in  this  way, 
first  of  estuary  fish,  then  of  fish  from  the  upper  waters  of  long 
rivers,  and  lastly  of  kelts. 


ARCH^OLOGIA  ANATOMICA. 

VII. 

The  Parotid. 

The  word  '  parotid  '  was  used  by  the  classic  medical  writers  long 
before  the  structure  to  which  that  name  is  now  applied  was 
recognised  as  a  special  organ.  The  name  was  used  to  designate 
this  organ  for  many  years  before  its  true  nature  as  a  salivary 
gland  had  been  discovered. 

That  glandular  tissue  existed  in  the  neck  was  known  to 
Hippocrates,  who,  in  contending  for  the  view  that  glands  and 
hair  always  coexist,  specified  that  glands  exist  below  each  ear 
as  well  as  around  the  jugular  veins  of  the  neck.  He  gives  nO' 
indication  whatever  that  he  regarded  any  of  these  as  salivary 
in  function,  nor  indeed  is  there  any  sign  that  in  the  pre- 
renascence  period  any  observer  sought  for  a  source  of  the 
saliva  other  than  the  oral  mucosa.  There  is  no  ground  what- 
ever for  the  conjecture  that  the  two  vessels  carrying  ncsut 
mentioned  in  Papyrus  Ebers,  f.  xcix,  are  salivary  ducts ;  the 
reference  is  to  nasal  mucus,  not  to  saliva.  In  the  pseudo- 
Galenical  treatise  de  Anatonie  Vivorum,  the  origin  of  the  saliva 
from  the  hollows  at  the  roots  of  the  tongue  is  particularly 
pointed  out. 

In  the  first  book  of  the  Prorrhetika,  Hippocrates  makes 
frequent  reference  to  inflammatory  swellings  in  the  vicinity 
of  the  ears,  which  he  describes  as  occurring  in  certain  febrile 
and  cachectic  conditions.  In  indicating  the  topography  of 
these,  he  says  they  lie  beside  the  ears  (thus  (1)  oupa  toiui 
irap  wra  tuxv  (2)  apa  tovtokti  kul  tu  irapa  tu  mtu  (3) 
irpoKapcoOevra  Trap  oy?,  etc.).  Before  the  days  of  Pliny  these 
merely  descriptive  Hippocratic  phrases  had  crystallised  into  a 
proper  name — the  name  of  a  disease.  In  several  passages,  as 
for  example  xx.  1,  15,  21;  xxviii.  7-11;  xxxv.  17,  Pliny  gives 
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the  names  of.  remedies  which  are  used  for  the  disease  2Mrotides. 
Galen,  in  like  manner,  makes  a  number  of  references  to  this 
disease.  In  opoi  larpiKol  372  the  author  specifically  states  that 
parotides  are  abscesses  beside  the  ear,  called  by  some  castores. 
Other  Greek  authors  give  us  synonyms  eirapixara  or  0j/pea, 
the  latter  name  indicating  that  they  were  compared  to  the 
budding  horns  of  satyrs.  Celsus  (vi.  16)  gives  a  brief  account 
of  this  disease;  and  Paulus  ^gineta  describes  at  length  the 
method  of  treatment  which  he  considers  most  satisfactory  (iii. 
23).  Julius  Pollux  also  defines  parotides  as  diseased  conditions 
(ii.  134 ;  for  another  sense  of  the  word,  see  his  references  ii.  28, 
but  this  has  nothing  to  do  with  its  use  as  the  name  of  anything 
human). 

Among  the  earlier  authors  of  the  revival  of  learning  the  same 
usage  appears.  Casserius,  in  his  Anatomy  of  the  Organ  of 
Hearing,  figures  (pi.  iii.  2)  what  is  now  called  the  parotid, 
and  calls  it  Adenes  aurum,  sive  glandular  quoi  in  febrihus 
malignis  ■parotidihus  affciuntur.  In  the  next  plate  he  is 
credited  by  some  writers  as  figuring  the  opening  of  the  parotid 
duct  into  the  mouth,  but  the  attribution  is  undeserved,  he  has 
only  left  a  clear  space  in  the  shading  of  the  muscle  for  the 
reference  letter  o:.  In  Goiter's  work  we  find  the  first  step 
of  the  transference  of  the  name  from  the  disease,  to  the 
structure  which  is  the  seat  of  the  disease.  He  speaks  of  paHes 
&ub  aurihis  exortm  ad  latera  suh  maxillis  antrorsum  vergentcs 
TrapwTiSe?  didm  sunt. 

Columbus  recognises  no  other  gland  in  this  region  except 
the  2ya'>"^stJimice,  which  are  the  tonsils.  Bauhin  (iii.  63,  85) 
distinguishes  the  paristhmise  from  the  parotides,  and  gives  as 
the  use  of  the  latter  ^ar^es  circumjectas  humectare  nam  oh  validos 
d  frequentes  incidendi,  confringendi,  alimenta  coinminuendi,  ac 
tandem  loqiiendi  motus,  artimlatio,  Jiis  destituta,  facile  exsiccare. 
This  use  was  assigned  by  Columbus  to  the  paristhmise,  which 
he  also  says  absorb  the  humidity  of  the  brain  (ix).  Bauhin 
expands  this  function  and  applies  it  to  the  parotid,  which  he 
says  cerebri  excrementa  suscipiunt.  Laurentius  of  Montpellier 
(iv.  4)  adds  that  the  parotid  is  commonly  called  cmunctorui 
■cerebri,  and  that  it  consists  of  many  glands.  In  the  quaint 
Dialogues  of  Guintherus  of  Andernach,  the  teacher  responds  to 
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his  pupil's  question  as  to  the  third  series  of  glands,  that  no 
names  are  given  to  those  which  are  numerous  at  the  root  of  the 
ear,  accurately  filling  the  space  there  and  moistening  the 
neighbouring  parts  (p.  188).  Vesalius  likewise  ignores  the 
name  parotid  altogether,  grouping  the  "numerous  glands 
beside  the  ears  "  with  those  in  the  axilla  and  groin — Hoc  nullo 
2)ecididri  donatmn  est  nomine.  However,  he  says  later  that  the 
Greeks  also  called  these  j9cw^is^7wnm ;  and  he  farther  adds,  that 
they  were  specially  described  by  the  classic  author  Marinus, 
whose  books  are  lost.  Etienne,  writing  in  Paris  about  the 
same  time,  applies  the  name  parotid  to  these  glands  (1545,  p. 
128). 

The  Cambridge  anatomist,  Wharton,  describer  of  the  sub- 
maxillary duct,  notes  the  existence  of  this  gland,  and  calls  it 
parotid ;  he  sums  up  the  opinions  of  his  predecessors  as  to  its 
functions: — 1,  that  it  protects  the  branches  of  the  blood- 
vessels ;  2,  that  it  takes  up  the  excrementa  of  the  brain ;  and  3, 
that  it  moistens  the  surrounding  parts;  he  adds  a  fourth,  that 
it  secretes  the  cerumen.  He  then  proceeds  to  disprove  all  four, 
and  finally  gives  his  own  opinions : — 1,  non7iullas  durioris  rami 
nervi  qidnti  2Mris  superjluitates  excifere  et  reducere  in  venas ;  2, 
aurem  et  auricidam  calore  suo  vefocillctre ;  3,  foveam  illctm  in 
auris  amhitu  exflere  et  complanare.  Not  the  slightest  sug- 
gestion is  made  that  it  could  be  a  salivary  gland. 

The  discovery  of  its  duct  was  announced  in  1661  by  Stenon 
in  his  Ohservationes  Anat.  de  glandidis  oris,  etc.,  sec.  13,  and  he 
graphically  describes  the  occasion  of  its  discovery — ciXm  enim 
a  Dn.  Gerard  Leon.  Blasio  Clar.  Gymnasii  Amstelodamensis 
Professore  circa  festum  Paschcdos  hosiMio  exceptus,  in  illo,  cui 
sextet  ah  adventu  m,eo  lectione  Jinem  im2)onebat,  collegio,  commodam 
cmimalia  exercitio  anatomico  convenientia  hahendi  occasionem  aniin- 
adverterem,  ohtinui  ah  illo  liceret  emjjta  milii  suhjeda  privatim 
dissecare,  ut,  gum  a  diver  sis  in  Arte  Anatomica  exercitatissimis  viris 
ohservatam  hactenus,  ct  mente  rcvolvcremy  et  mamt  imitarer. 
Jamque  eo  nomine  VII  Aprilis,  quod  mihi  comparaveram, 
ovillum  caput  solus  in  museolo  adorimha.m,  cerehrum  dissecturus, 
cum  in  siii  me  examen  decuri'entes  per  or  a  vence  et  arterice 
raplunt,  quce  dum  stylo  vari6  scrutor.  Se7itio  me  per  vas  aliquod 
in  amplam  oris  cavitatem  delatum  ipsos  dcntes  ferire.     Miratus 
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rei  novitatem,  Hospitcm   voco,  sententiam    ejus  cmditurus ;    qui, 
cum  primo    vim,   mox   ludentem    naturatn    accusasset,    tandein 
Whartonum  accuratius  examinandmn  judicabat. 

Stenon's  claim  to  the  discovery  was  not  unchallenged. 
Bartholin  says  that  Blasius  himself  was  the  finder  (JEjnst.  Cent 
iii.  No.  46,  1677);  and  Hoboken  confirms  him  (Ductus  Salivalis 
Blasianiis  in  lucem  protradus,  Utrecht,  1662,  p.  12).  Our 
fellow-countryman,  Needham,  also  claims  to  have  known  it,  and 
to  have  demonstrated  it  to  Willis,  Millington,  Boyle,  Lower, 
and  others  thirteen  years  before  Stenon's  publication  [de 
Formato  Foetu,  1667,  p.  97).  It  is  singular  that  the  duct  was 
not  found  earlier,  more  especially  as  Fabricius  ab  Aquapendente 
had  long  before  noted  that  in  cases  of  wounds  near  the  ear 
there  often  issued  from  a  small  hole  tanta  copia  limjndce  aquae. 
(Appendix  to  2nd  Book.     Ed.  Patav,  1647,  p.  19S.) 

Sylvius  (Deleboe)  and  subsequent  authors  accepted  Stenon's 
statement,  and  the  duct  has  from  that  time  been  called  by  his 
name.  All  subsequent  authors  recognise  the  salivary  function 
of  the  gland. 

A.  M. 
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1.  Perforate  Humeri  in  Ancient  Egyptian  Skeletons.  —  In 
sorting  out  our  Cambridge  collection  of  Egyptian  hones  I  have  noted 
the  frequency  of  supra-articular  perforation  of  the  humerus,  especially 
in  the  bones  from  Libyan  graves.  I  did  not  begin  to  count  the 
number  of  examples  until  more  than  three-fourths  of  the  series  had 
been  put  away  in  store-cases,  but  out  of  the  last  twenty  boxes  opened 
I  found  that  out  of  682  humeri,  390  were  perforate  and  292  imper- 
forate.    The  percentage  of  perforation  is  therefore  57*2. 

This  exceeds  anything  hitherto  published.  Of  ancient  North 
Americans  the  percentage  of  perforate  bones  out  of  300  specimens  is 
40  per  cent.  In  one  collection  from  the  Gila  Valley,  in  Arizona,  48 
perforate  bones  were  found  out  of  89,  a  percentage  of  53'9;  but  this 
is  exceptionally  high,  and  the  number  of  bones  is  not  large.  In  our 
Cambridge  Collection,  when  I  began  to  count  I  found  out  of  the  first 
115  bones  that  65  were  perforated  ;  so,  had  I  none  but  this  series,  the 
percentage  would  have  come  out  56-5. 

The  Libyans  may  therefore,  I  think,  claim  to  hold  the  record.  In 
our  dissecting-room  there  were  three  instances  out  of  the  last  hundred 
bodies  examined.  (Statistics  regarding  its  frequency  will  be  found 
in  INIessrs  Matthews  and  I^amb's  article  on  the  subject.  Mem.  Amer. 
National  Acad.  Sci.,  vi.  217.) 

The  authors  just  quoted  are  most  probably  correct  in  considering 
this  as  an  acquired  character.  The  youngest  specimen  obtained  was 
in  a  humerus  of  a  child  probably  six  years  old.  I  have  not  seen  any 
genuine  approach  to  this  condition  among  100  foetal  humeri  examined 
for  the  purpose.  As  far  as  I  know,  it  has  never  been  found  in  a 
icetal  bone. 

It  is  a  perforation  of  the  shaft  well  above  the  epiphysial  junction 
line.  The  distal  extremity  of  the  diaphysis  thickens  below  the  hole 
down  to  the  place  where  the  epiphysis  is  set  upon  it. 

It  is  always  in  the  intra-articular  part  of  the  olecranon  fossa,  below 
the  line  of  reflexion  of  the  synovial  membrane  that  crosses  the  middle 
of  the  fossa.  It  is  therefore  quite  distinct  from  the  vascular  holes 
with  which  Topinard  associates  it,  as  these  are  always  extra-articular 
[the  nutrient  vessels  are  chiefly  derived  from  the  inferior  profunda]. 

Of  these  perforate  humeri  172  were  right  and  218  were  left.  As 
far  as  could  be  determined  from  size,  shape,  and  from  the  accompany- 
ing pelvic  bones,  192  were  male  and  198  were  female.  There  is  thus 
the  same  preponderance  of  left  and  female  over  right  and  male  bones, 
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-which  was  noticed  by  the  describers  of  the  Hemenway  Collection, 
leading  one  to  speculate  as  to  the  nature  of  the  work  which  predisposed 
to  the  perforation — the  mill,  the  shadoof,  or  the  mattock. 

As  to  the  sizes  of  the  holes,  they  were  mostly  oval  or  elliptical, 
with  the  long  axis  transverse  or  nearly  so,  and  the  distribution  of  their 
;sizes  is  shown  in  the  accompanying  table  : — 


Length  of 

Long  Axis 

in  mm. 

1 

Male. 

Female. 

Right. 

Left. 

Eight.      1       Left. 

1-  4 

5-  9 

10-12 

Over  12 

17 

54 

14 

1 

9 

58 

37 

2 

12 

52 

22 

0 

10 

63 

39 

0 

Total, 

86 

106 

86         ^       112 

Twenty-seven  of  these  specimens  were  young  bones  with  un-united 
Tipper  epiphyses,  5  coexisted  with  the  supracondylar  process.  The 
opening  is  reniform  or  bilobed  in  33. 

This  note  is  only  preliminary,  as  the  subject  is  sufficiently  important 
to  require  still  further  study.  I  have,  however,  been  able  to  deter- 
mine that  while  in  ordinary  extension  and  flexion  the  tips  of  the  pro- 
cesses do  not  press  on  the  humerus,  yet  by  forced  extension  and  forced 
flexion  contact  can  be  made  to  take  place,  especially  when  the  elbow 
is  forcibly  extended,  with  the  hand  in  the  position  of  supination.  In 
the  few  recent  examples  of  large  perforations  in  the  humerus,  which 
I  have  found  in  the  dissecting-room,  the  hole  was  actually  open  in  the 
recent  state ;  when  small,  it  is  usually  closed  by  membrane. 

y  2.  An  Ossicle  above  the  Inner  Epicondyle. — In  dissecting  the 
muscles  of  a  middle-aged  male  forearm  I  found  a  small  sesamoid 
bone,  5  mm.  long,  in  that  part  of  the  common  extensor  tendon  which 
gives  origin  to  the  flexor  sublimis  digitorum.  It  is  attached  to  the 
bone  by  short  tendinous  fibres  about  2  mm.  long.  In  1867  I  described 
a  similar  bone  above  the  outer  epicondyle.  These  ossicles  are  of  rare 
occurrence.  In  neither  case  was  there  any  sign  of  rheumatoid  disease 
or  excessive  ossification  elsewhere. 

3.  A  SuPRA-PATELLAR  OssicLE,  probably  pathological,  is  described 
by  Mr  Corner  in  the  Trmis.  Path.  Sor.  Lond.,  li.  55.  It  was  recog- 
nised by  the  aid  of  skiagraphy.  In  this  paper  Mr  Corner  uses  the 
phrase  concerning  sesamoid  bones,  that  they  are  of  "  no  morphological 
importance."  Can  this  be  said  of  any  normally  arising  structure? 
Doubtless  the  author  means  of  no  value  as  evidence  of  phylogenetic 
relationship,  but  the  phrases  are  by  no  means  synonymous. 

V  4,  Os  Styloideum  Ulnare. — In  another  forearm  in  the  Cambridge 
<iissecting-room  the  ulna  ended  below  in  two  flattish  articular  con- 
vexities, separated  by  an  antero-posterior  sulcus.     One  of  these,  as 
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tisual,  articulated  with  the  triangular  cartilage,  the  other  formed  a 
regular  ball-and-socket  joint  with  the  styloid  process,  which  is  com- 
pletely detached,  and  which  bears  a  cartilage-clad  concave  surface 
above.  This  little  joint  had  a  separate  synovial  cavity,  surrounded  by 
a  capsule.  The  ulnar  attachment  of  the  triangular  cartilage  was 
double,  the  upper  part  being  attached  to  the  non-articular  sulcus 
which  crosses  the  lower  face  of  the  ulna,  and  the  lower  to  the  radial 
face  of  the  separate  os  styloideum.  This  variety  is  rare.  The  limb 
showed  no  sign  of  having  been  the  subject  of  accident  or  disease. 

5.  The  Lacrymal  Bone  is  the  subject  of  an  exhaustive  monograph 
by  Professor  LeDouble,  of  Tours,  in  the  Bihliogi-ajjMe  Anatomique, 
vol.  viii.  pp.  100-192.  The  work  is  of  the  same  laborious  and 
thorough  character  as  the  author's  now  classical  work  on  Muscular 
Varieties.  The  references  to  the  literature  are  accurate  and  practically 
complete.  As  far  as  I  know,  only  one  paper  is  unnoticed — viz.,  the 
description  of  a  case  of  the  excessively  rare  lacrymo-jugal  suture,  given, 
with  a  figure,  in  the  Proceedings  of  the  Royal  Irish  Academy,  1874, 
vol.  ii.  series  ii.  p.  58.  I  delete  the  h  in  the  name  of  the  bone  on 
Professor  Skeat's  authority. 

6.  Complete  Absence  of  the  Vermiform  Appendix  is  described 
and  figured  by  Piquard  in  the  Btdletin  of  the  Paris  Anatomical  Society, 
1900,  p.  602.  The  case  is  of  interest  in  connection  with  Dr  Berry's 
important  paper  in  this  Joiirncd. 

7.  A  Pelvic  Kidney  was  found  on  the  left  side  of  a  male  subject  in 
the  Cambridge  dissecting-room.  It  lay  behind  the  rectal  end  of  the 
sigmoid  colon  and  upper  end  of  the  rectum.  These  lifted  the  peri- 
toneum off  its  surface,  as  the  two  layers  of  the  sigmoid  mesocolon 
were  here  widely  apart ;  its  upper  border  overlapped  the  left  common 
iliac  artery  and  the  beginning  of  the  left  external  iliac,  while  its  lower 
edge  was  on  the  level  of  the  junction  of  the  2nd  and  3rd  sacral  verte- 
brae. Its  arteries  were  four :  one  from  the  left  side  of  the  aorta,  1  cm. 
above  the  bifurcation ;  one  from  the  front  of  the  aorta,  immediately 
above  the  bifurcation  ;  two  from  the  right  common  iliac,  both  arising 
from  the  upper  third  of  that  vessel.  Its  chief  vein  joined  the  right 
common  iliac  vein  2  cm.  before  the  origin  of  the  inferior  vena  cava ; 
a  second  vein  crosses  the  right  common  iliac  artery  close  to  its  origin, 
and  enters  the  front  of  the  vena  cava.  The  pelvis  is  on  the  anterior 
surface,  and  the  ureter  descends  from  it  as  usual,  lying  at  its  origin  in 
front  of  the  lower  edge  of  the  organ.  This  kidney  was  smaller  than 
usual,  and  sho,^ed  signs  of  cystic  disease. 

8.  Cases  of  Anomalous  Inferior  Vena  Cava,  which  to  some 
extent  complement  Professor  Dwight's  systematic  survey  of  these 
variations,  have  occurred  from  time  to  time  in  the  Cambridge  dissecting- 
room,  and  are  recorded  in  the  manuscript  "  Anomaly  Book  "  kept 
there.     These  are  : — 

I.  Double  inferior  vena  cava  as  far  as  the  left  renal,  at  which  part 
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the  anomalous  left  A'essel  (which  arose  leftward  of  the  aorta  from  the 
■top  of  the  left  common  iliac  vein)  was  principally  continued  as  the 
trans-aortic  portion  of  the  left  venal  vein  in  front  of  the  aorta  trans- 
versely rightwards  to  join  the  right  inferior  vena  cava,  directly  below 
the  point  of  origin  of  the  communicating  branch  joining  the  inferior 
vena  cava  and  the  right  vena  azygos.  A  small  branch,  however, 
continued  upwards  in  the  line  of  the  left  inferior  vena  cava,  which 
■was  lost  in  the  tissues  covering  the  upper  part  of  the  left  crus  of 
the  diaphragm.     (Michaelmas  term,  1893.) 

II.  Double  inferior  vena  cava  resembling  the  last,  the  left  receiving 
two  large  left  renal  veins  and  sending  a  large  transverse  branch  across 
the  aorta  to  join  the  right  vena  cava  almost  opposite  the  right  renal 
vein.  A  small  upward  continuation  of  this  vein  was  traceable  through 
the  tissues  at  the  root  of  the  left  crus  of  the  diaphragm,  but  its  con- 
tinuity with  the  left  vena  azygos  was  not  demonstrated.     (May  1897.) 

III.  In  the  specimen  with  the  pelvic  kidney,  described  in  the  last 
note,  a  small  ascending  vessel,  about  the  size  of  the  ordinary  cephalic 
vein,  arose  from  the  left  common  iliac  vein,  leftward  of  the  bifurca- 
tion of  the  aorta  ;  it  received  the  last  lumbar  vein  at  its  origin.  As- 
cending to  the  point  where  it  received  the  3rd  lumbar  vein,  it  sent  a 
large  branch  behind  the  aorta  to  join  the  right  vena  cava,  and  a  small 
branch  in  front  of  the  aorta,  whose  end  was  cut,  and  which  may  have 
joined  the  right  inferior  vena  cava  also.  The  main  stem  ascended  on 
the  left  side  as  high  as  the  upper  part  of  the  second  lumbar  vertebra, 
where  it  turned  abruptly  rightward,  crossed  the  aorta  below  the  origin 
of  the  superior  mesenteric  artery,  and  joined  the  right  vena  cava.  This 
portion  of  the  vesel  exactly  simulated  a  diminutive  left  renal  vein. 
At  the  point  where  this  turn  occurs  three  vessels  join  the  trunk — 
one  M'hich  is  a  lumbar  vein,  and  two  which  descend  from  the  tissues 
covering  the  left  side  of  the  diaphragm,  neither  of  which  was  con- 
nected with  the  left  vena  azygos.     (Jan.  1900.) 

IV.  A  specimen  of  a  different  order  was  found  in  the  Lent  term  of 
1892.  In  this  the  right  vena  cava,  normal  as  far  as  the  level  of  the 
under  border  of  the  liver,  became  there  suddenly  contracted.  A  very 
small  and  scarcely  perforate  stem  pierced  the  diaphragm  and  entered 
the  right  auricle ;  the  usual  caval  opening  here  appeared  as  a  bag-like, 
very  exaggerated  replica  of  the  coronary  sinus,  into  whose  fundus  the 
diminutive  vena  cava  opened  like  a  rudimental  coronary  vein.  (The 
true  coronary  vein  and  sinus  were  normal.) 

The  main  current  of  inferior  caval  blood  passed  up  through  the 
aortic  opening  in  the  diaphragm  by  a  large  vena  azygos,  as  large  as 
the  rest  of  the  superior  vena  cava  into  which  it  opened  as  usual.  The 
entire  channel  was  uniformly  continuous  as  a  complete  right  cardinal 
vein. 

The  subject  was  an  old  female.  The  thorax  had  been  deformed  by 
extremely  tight-lacing,  and  the  liver  showed  a  typical  'tighfc-lace 
lobe,'  but  otherwise  was  not  diseased.  How  far  this  deformation 
contributed  to  cause  or  to  increase  the  malformation  of  the  veins  can 
only  be  conjectured  in  the  absence  of  history. 
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9.  Professor  Huxley  on  the  Relation  op  Arthropods  and 
Vertebrates. — In  the  light  of  Dv  Gaskell's  researches,  the  following 
passage  is  of  historic  interest : — "  While  fully  recognising  the  funda- 
mental differences  between  the  articulate  and  the  vertebrate  type, 
then,  I  think  we  should  greatly  err  if  we  overlooked  such  singular 
analogies  as  these.  Future  research  will  show  whether  they  are  or 
are  not  the  outward  signs  of  a  deeper  internal  harmony  than  has  as 
yet  been  discerned  between  the  articulata  and  the  vertebrata." — 
Huxley's  Scientific  Memoirs,  ii.  77. 


PROCEEDINGS  OF  THE 

ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN 

AND  IRELAND. 


JUNE  1900. 


The  Summer  Meeting  of  the  Anatomical  Society  of  Great  Britain  and 
Ireland  was  held  in  the  Physiological  Theatre,  The  Owens  College, 
Manchester,  on  Thursday  and  Friday,  June  21st  and  22nd,  com- 
mencing each  day  at  10.30  a.m.  The  President,  Professor  Young,  was. 
in  the  chair.  Thirty  members  and  over  fifty  visitors  attended  the 
meetings.  Letters  regretting  inability  to  attend  were  read  from  Pro- 
fessors His,  Waldeyer,  Leboucq,  Sir  AVilliam  Turner,  Cunningham, 
Thomson,  and  many  others. 

The  minutes  of  last  meeting  were  read  and  confirmed. 

The  following  election  was  made  : — J.  "W.  Thomson  Walker,  M.B., 
CM.  Edin.,  F.R.C.S.  Eng.,  proposed  by  A.  H.  Young,  Arthur  Robin- 
son, and  F.  G.  Parsons. 

./' 
The  following  communications  were  made 

(1)  Dr  T.  H.  Bryce  read  a  further  note  of  the  Deej:)  Accessory  Pero- 
neal Nerve  of  Ruge  in  Alan. 

In  a  paper  published  in  the  Proceedings  of  the  Society  in  October 
1896,  under  the  title  of  "A  Long  Muscular  Branch  of  the  Musculo- 
cutaneous Nerve  of  the  Leg,"  I  described  a  nerve  which  I  identified 
with  a  nerve  described  by  Ruge  in  the  lower  mammals,  and  called  by 
him  the  "  deep  accessory  peroneal  nerve." 

Since  that  date  I  have  examined  15  subjects — 90  extremities — and 
have  met  with  the  nerve  in  its  complete  form  only  once.  In  this 
instance  the  relations  of  the  nerve  are  exactly  as  previously  described. 
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It  is  a  branch  of  the  musculo-cutaneous,  which,  running  in  the  sub- 
stance of  peroneus  brevis,  close  to  the  fibula,  appears  in  the  lower 
third  of  the  leg,  on  the  posterior  surface  of  that  muscle,  to  which  it 
o-ives  branches.  There  is  no  peroneus  quartus  in  this  case  as  in  the 
others  previously  described.  Reaching  the  ankle,  the  nerve  becomes 
very  slender,  and  winds  round  the  external  malleolus  beneath  the 
tendons  of  the  peronei  muscles,  to  reach  the  outer  border  of  the  exten- 
sor brevis  digitorum ;  there  it  divides  into  two  delicate  twigs.  The 
one  running  parallel  to  the  tendons  of  the  peroneus  brevis  is  lost  in 
the  fascia  at  the  base  of  the  4tli  interosseous  space ;  the  other  enters 
the  outermost  slip  of  the  extensor  brevis  digitorum,  in  the  substance 
of  which  it  runs  as  far  as  the  base  of  the  metatarsal  bone. 

A  microscopic  examination  of  this  filament  dissected  out  of  the 
muscle  proved  it  to  be  a  single  funiculus,  enclosing  from  20  to  25 
raedullated  nerve  fibres. 

I  have  now  examined  in  all  110  extremities  from  55  subjects,  and 
have  found  the  nerve  as  described  above  ending  in  the  extensor  brevis 
digitorum  3  times  in  2  subjects,  one  case  being  bilateral,  the  other 
unilateral.  In  other  6  subjects  I  have  traced  it  on  one  side  as  far  as 
the  ankle,  where  it  ended  in  the  peroneal  sheath. 

(2)  Dr  T.  H.  Bryce  gave  a  lantern  demonstration  of  microphoto- 
graphs,  demonstrating  the  maturation  stages  in  the  ovum  of  Echinus. 
A  full  account  will  be  published  later. 

(3)  Dr  Arthur  Robinson  exhibited  numerous  stereoscopic  views  of 
anatomical  preparations. 

(4)  Dr  Donald  exhibited  specimens  oi  post-murte7u  contracted  Heads. 

(5)  Dr  R.  S.  Berry  gave  a  lantern  demonstration  on  the  Compara- 
tive Anatomy  and  Histology  of  the  Catcal  Apex — the  Ajjpendix  Vermi- 
formis.  This  communication  will  appear  in  extenso  in  the  October 
number  of  the  Journal  of  Anatomy  and  Physiology. 

(6)  Professor  A.  F.  Dixon  read  a  preliminary  note,  illustrated  by  lan- 
tern slides,  upon  certain  Surface  Markings  of  the  Calvarium,  and  their 
siqnificance.  Among  the  most  interesting  of  the  markings  present  upon 
the  surface  of  the  calvarivim  are  the  grooves  which  are  often  found  in 
the  frontal  region,  corresponding  to  the  branches  of  the  supraorbital 
nerves.  These  grooves  vary  much  in  appearance,  and  may  be  simple 
or  branched,  shallow  or  deep.  They  are  often  converted  in  part  of 
their  course  into  tunnels.  Sometimes  they  occur  on  one  side  of  the 
cranium  only.  Most  frequently  the  grooves  occur  beneath  the  outer 
branches  of  the  nerve,  but  they  also  occur,  in  many  cases,  in  connec- 
tion with  the  inner  branches.  The  grooves  never  cross  the  coronal 
suture.    They  sometimes  extend  upwards  from  the  supraorbital  notch, 
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or  foramen,  as  far  as  the  coronal  suture  ;  but  in  other  cases  they  begin 
inferiorly  at  a  Httle  foramen,  where  some  branch  of  the  nerve  enters 
the  bone.     In  the  majority  of  cases  they  do  not  reach  as  far  as  the 
coronal  suture.     The  formation  of  the  grooves  indicates  a  want  of  pro- 
portion between  the  growth  in  length  of  the  overlying  nerves  and  the 
amount  of  expansion  of  the  underlying  part  of  the  cranium.     The 
nerves  might  be  looked  upon  as  constricting  cords,   which  become 
depressed  in  the  developing  bone  as  the  cranium  expands.     Their 
formation  is  comparable  to  that  of  the  grooves  and  tunnels  sometimes 
found  in  the  clavicle  for  the  descending  supraclavicular  branches  of 
the  cervical  plexus.     The  constricting  portion  of  the  nerve  is  often 
limited  superiorly  at  the  coronal  suture,  where  the  deep  layers  of  the 
scalp  are  tirmly  bound  down  to  the  cranial  wall,  and  inferiorly  at  a 
point  where  a  branch  of  the  nerve  enters  the  bone.     Hence  the  grooves 
caused  by  the  nerves  do  not  cross  the  coronal  suture,  even  when  they 
reach  as  far  as  it,  and  they  often  end  below  at  a  little  foramen  in  the 
bone.     The  openings  of  these  little  foramina   are   directed  upwards 
towards   the   coronal   suture,  just    as   the    openings  of  the    nutrient 
foramina  of  the  long  bones  are  directed  towards  the  part  of  the  bone 
where  growth  is  most  active  and  goes  on  longest.     The  presence  of 
the  grooves  may  be  taken  to  indicate  an  excessive  development  of  the 
frontal  part  of  the  cranium.     In  those  races  in  whom  the  grooves  are 
common  and  strongly  marked,  we  would  expect  to  find  a  tendency 
towards  increased  development  and  capacity  of  the  frontal  part  of  the 
cranium.     On  the  other  hand,  in  races  in  whom  the  grooves  do  not 
occur,  or  are  rare  and  but  feebly  marked,  we  would  expect  to  find  a 
greater  uniformity  in  the  shape  and  size  of  the  cranium,  since  in  these 
complete  harmony  exists  between  the  rate  and  amount  of  growth  of 
the  nerves  and  that  of  the  underlying  frontal  region  of  the  cranium. 
In  this  connection  it  is  interesting  to  find  that  these  frontal  grooves 
are  almost  never  found  in  Australian  and  Tasmanian  crania,  that  they 
are  rare  among  Melanesians,  sHghtly  more  common  in  Polynesians, 
while  in  Negroes  and   Bushmen   they  are  very  common.      Among 
Negroes  they  are  present  in  over  50  per  cent,  of  the  skulls  examined, 
and  in  many  cases  they  are  extraordinarily  well  marked.     In  ordinary 
dissecting-room  crania  they  are  present  in  slightly  over  40  per  cent,  of 
all  cases,  and  are  sometimes  very  marked. 

In  the  parietal  region  of  the  cranium,  grooves  for  the  middle  tem- 
poral artery  were  found  to  be  especially  well  marked  in  many  of  the 
most  brachycephalic  Burmese  skulls.  Some  of  these  crania  appear  to 
have  been  artificially  deformed,  and  the  marked  development  of  the 
grooves  probably  indicates  a  want  of  proportion  in  the  length  of  the 
artery,  and  the  amount  of  expansion  of  the  parietal  region  of  the 
cranium  in  these  skulls. 

In  several  young  skulls  (of  about  3-5  years)  distinct  grooves  for 
vessels  were  found  in  the  occipital  region.  These  are  present  on  the 
surface  of  the  cranium,  between  the  superior  and  highest  curved  lines  of 
the  occipital  bone.  In  all  the  specimens  which  showed  these  mark- 
ings, the  interval  between  the  curved  hues  was  not  only  relatively 
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but  actually  greater  than  that  found,  in  adult  specimens.  The  con- 
dition was  found  in  young  Eskimo,  Negro,  Australian,  and  European 
skulls,  and  is  probably  associated  with  the  more  rapid  growth  of 
the  posterior  region  of  the  cranium  during  the  first  few  years  after 
birth. 


(7)  Professor  E.  Fawcett  showed  (a)  two  specimens  in  which  the 
Vermiform  Appendix  was  absent.  Both  were  obtained  from  adults, 
and  occurred  in  a  series  of  403  cases  examined  by  himself  and  Dr 
J.  V.  Blachford  at  the  City  and  County  Asylum  of  Bristol.  In 
neither  case  was  there  any  sign  of  inflammation  present,  either  recent 
or  old  standing.  In  one  case  there  was  a  small  thickening  at  the 
point  of  convergence  of  the  longitudinal  muscular  gland  of  the  large 
intestine  ;  in  the  other,  there  seemed  to  be  a  slight  hollow  protrusion  at 
the  same  point.  In  one  case  the  caecum  measured  in  height  6  cm. 
and  in  width  8  cm.,  in  the  other  case  it  measured  7x7  cm. 

(h)  A  siipernumerary  hone  of  the  Caipus  attached  to  the  Trapezium 
(see  fig.  1). 

This  small  bone,  which  was  evidently  a  detached  part  of  the  ridge 
of  the  trapezium,  with  whose  long  axis  its  own  long  axis  coincided, 
measured  7  mm.  in  length  by  3  in  thickness.  It  was  attached  to  the 
palmar  face  of  the  trapezium  by  strong  ligamentous  bands.     These 


Fig.  1. — Supernumerary  carpal  bone,  representing  detached  lower  half  of  ridge  of 
trapezium.  The  arrow  points  to  this  supernumerary  bone.  The  ligaments 
mooring  it  in  position  are  seen,  and  F  is  the  tendon  of  the  flexor  carpi 
radialis.     R  is  the  ridge  of  the  trapezium. 

ligaments  allowed  it  to  be  moved  from  side  to  side  by  the  fingers. 
There  was  no  synovial  cavity  between  the  bones.  By  its  lower 
pole  this  bone  was  attached  through  two  ligamentous  bands  to  the 
palmar  aspect  of  the  base  of  the  3rd  metacarpal  bone ;  to  its  inner 
side  the  anterior  annular  ligament  of  the  carpus  was  attached.  It 
formed  the  lower  part  of  the  groove  for  the  flexor  carpi  radialis 
muscle. 

Another  specimen  exhibited  to  the  Society  showed  the  ridge  of  the 
trapezium  with  a  deep  notcli  in  its  anterior  border.  The  part  of  the 
ridge  below  this  notch  corresponded  exactly  \vith  the  bone  above 
described. 
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('')  A  specimen  sliowing  the  Jong  external  lateral  ligament  con- 
tinued, with  scarcely  any  attachment  to  the  head  of  tJie  fibula,  into  the 
peroneus  longus  muscle. 

(8)  Dr  Peter  Thompson  showed  three  specimens  of  ahnormrd 
Ureters,  obtained  from  the  Practical  Anatomy  Rooms  of  the  Owens 
College,  Manchester. 

In  the  first  specimen  two  completely  independent  ureters  were 
present  on  the  right  side.  The  kidney  on  this  side  was  single,  and 
the  two  ureters  emerged  from  the  normally  situated  hilum,  one  near 
the  upper  and  one  near  the  lower  extremity  of  the  gland.  Below, 
they  pierced  the  wall  of  the  bladder  somewhat  to  the  right  side  of 
the  superior  surface,  and  opened  internally  by  two  orifices  situated 
close  together,  and  two  inches  from  the  commencement  of  the  urethra. 
The  left  ureter  was  single,  and  its  opening  into  the  bladder  was  in 
the  middle  line,  one  inch  from  the  urethral  orifice,  and  the  same  dis- 
tance from  the  openings  of  the  right  ureters. 

In  the  second  case,  also,  the  ureter  was  double  on  the  right  side 
and  single  on  the  left ;  but  the  special  feature  in  this  specimen  was 
the  marked  difference  in  the  arrangement  of  the  two  ducts  as  they 
emerged  from  the  hilum  of  the  kidney.  In  the  first  specimen  the 
two  ureters  at  the  hilum  were  equal  in  size,  but  in  that  now 
described  the  ureter  emerging  from  the  lower  part  of  the  hilum  pre- 
sented a  well  marked  dilatation — the  pelvis — about  the  size  of  a 
walnut,  which,  however,  narrowed  to  form  the  ureter  a  little  lower 
down.  The  ureter  emerging  from  the  upper  part  of  the  hilum  of  the 
kidney  presented  no  such  enlargement.  Unfortunately  the  com- 
plete course  of  the  two  ducts  could  not  be  shown,  but  as  far  as  was 
evident  they  remained  quite  separate. 

A  somewhat  similar  arrangement  to  that  just  described  was  found 
in  a  third  specimen.  The  ureter  from  the  right  kidney  was  double 
near  the  hilum,  but  single  below.  As  the  two  ducts  emerged  from 
the  gland,  one  presented  a  marked  dilatation,  whilst  the  other  was 
of  uniform  calibre.  Three  inches  from  the  kidney,  however,  they 
joined  together  to  form  a  siugle  ureter. 

(9)  Mr  H,  H.  Broome  (introduced  by  Professor  Young)  exhibited  a 
dissection  obtained  from  the  Practical  Anatomy  Department  of  the 
Owens  College,  showing  abnormalities  of  the  Veins,  the  Arteries,  and 
the  Kidneys  (see  fig.  2). 

i.  Veins. — The  chief  variation  is  the  persistence  of  a  left  superior  \y 
vena  cava.  This  is  formed  by  the  union  of  the  internal  jugular  and 
subclavian  veins ;  and  the  resulting  brachio-cephalic  trunk  runs  down 
in  front  of  the  arch  of  the  aorta  and  the  left  pulmonary  artery,  passes 
behind  the  main  pulmonary  vessel  and  crosses  the  back  of  the  left 
auricle,  to  terminate  by  opening  into  the  right.  This  vessel  is  not 
connected  with  the  vena  cava  of  the  opposite  side,  the  left  in- 
nominate vein  not  being  represented. 
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The  following  tributaries  open  into  this  brachio-cephalic  trunk : — 

(a)  Inferior  thyroid  vein. 

(b)  a  vein  receiving  the  blood  from  the  1st  and  2nd  intercostal 
-spaces. 

(c)  A  large  vessel  which  commences  in  the  ascending  lumbar  vein 
of  the  left  side,  and  runs  upwards  on  the  left  side  of  the  bodies  of  the 
dorsal  vertebrae,  receiving  the  intercostal  veins  of  the  lower  eight 
spaces.  This  vein  apparently  represents  the  vena  azygos  major 
transposed  to  the  left  side,  and  it  receives  tributaries  across  the 
middle  line,  which  correspond  to  the  vente  azygos  minores,  superior 
and  inferior.  That  resembling  the  vena  azygos  minor  superior  is 
a  large  vessel  which  receives  the  third  to  the  eighth  intercostal  veins 
of  the  right  side.  Above,  this  vein  arches  forwards  over  the  root  of 
the  right  lung  to  join  the  superior  vena  cava  of  the  right  side,  in  the 
same  way  as  the  normal  vena  azygos  major;  but  below,  it  crosses  the 
middle  line  over  the  body  of  the  eighth  dorsal  vertebra  to  join  the 
transposed  vena  azygos  major. 

The  vena  azygos  minor  inferior  commences  in  the  ascending  lumbar 
vein  of  the  right  side,  and  after  receiving  the  intercostal  veins  of  the 
lower  three  spaces,  crosses  the  body  of  the  tenth  dorsal  vertebra  to 
join  the  vena  azygos  major. 

The  veins  from  the  upper  two  intercostal  spaces  on  the  right  side 
join  together  to  form  a  single  trunk,  which  passes  upwards,  behind 
the  subclavian  vessels,  to  open  into  the  termination  of  the  internal 
jugular  vein. 

ii.  Arteries. — The  abnormalities  of  the  arteries,  which  are  con- 
fined to  the  thoracic  region,  would  appear  to  have  reference  to  a 
marked  constriction  which  is  present  in  the  descending  thoracic  aorta, 
immediately  below  the  attachment  of  the  ductus  arteriosus.  It  is  to 
be  noticed  that  this  constriction  does  not  correspond  to  that  which  is 
usually  described  as  the  aortic  isthmus,  for  it  is  situated  below  the 
opening  of  the  ductus  arteriosus,  and  therefore  in  the  position  usually 
occupied  by  the  aortic  spindle.  Arising  from  the  descending  thoracic 
aorta,  about  a  half  inch  below  this  constriction,  and  opposite  the  head 
of  the  6th  rib,  is  a  large  arterial  trunk  which  runs  upwards  and 
backwards  over  the  heads  of  the  5th  and  4th  ribs,  and  behind  the 
necks  of  the  3rd  and  2nd  ribs,  to  terminate  by  joining  the  left  sub- 
clavian artery.  This  vessel,  which  becomes  remarkably  convoluted 
as  it  nears  the  subclavian,  supplies  the  arteries  to  the  upper  three 
intercostal  spaces,  and  in  addition  gives  of!"  a  large  branch  which 
passes  upwards  and  backwards,  through  a  foramen  in  what  appears 
to  be  a  fusion  of  two  ribs.  Counting  this  double-headed  rib  as  one, 
there  are  only  eleven  ribs  on  the  left  side  as  compared  with  twelve  on 
the  right ;  so  it  probably  represents  both  the  first  and  the  second  on 
this  side. 

The  remaining  seven  intercostal  spaces  are  supplied  in  the  usual 
manner  from  the  descending  thoracic  aorta. 

Though  the  above  description  has  special  reference  to  the  arteries 
of  the  left  side,  it  would  apply  equally  well  to  those  of  the  right, 
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remembering,  however,  that  on  this  side  the  first  and  second  ribs  are 
not  fused,  and  that  the  branch  running  to  the  back  of  the  neck,  which 
corresponds  to  the  arteria  profunda  cervicis,  passes  up  in  front  of 
the  neck  of  the  first,  and  not  through  two  fused  ribs. 

From  a  consideration  of  the  arrangement  of  the  arteries  in  this- 


Fig.  2. — A,  left  superior  vena  cava;  B,  ductus  arteriosus;  C,  constriction  in 
descending  aorta  ;  D,  branch  passing  from  aorta  to  subclavian  ;  E,  vena 
azygos  major  transposed  ;  F,  vena  azygos  minor  superior  ;  G,  vena  azygos 
minor  inferior  ;  H,  arteria  profunda  cervicis  passing  up  through  I  which 
represents  the  1st  and  2nd  ribs  ;  K,  connecting  portion  of  kidneys  :  I,  in- 
ferior mesenteric  artery  ;  N,  pelvis  of  kidney  ;  P,  branch  to  right  kidney 
from  right  common  iliac. 


region,  it  seems  probable  that  this  large  vessel,  passing  between  the 
subclavian  and  the  descending  thoracic  aorta,  is  a  reinforcing  branch 
to  the  latter,  produced  by  an  enlargement  of  the  anastomosis  between 
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the  superior  intercostal  artery  and  the  upper  aortic  intercostals.  It  is 
obvious  that  such  a  condition  might  easily  be  produced  if  the  con- 
striction of  the  aorta  described  above  be  enough  to  prevent  a  sufficient 
supply  of  arterial  blood  passing  into  the  descending  thoracic  aorta ; 
and  the  great  narrowing  at  this  constriction,  together  with  the  bilateral 
arrangement  and  convoluted  course  of  the  compensatory  vessels,  point 
to  such  a  conclusion. 

iii.  Kidneys. — The  abnormality  in  this  region  consists  in  the 
union  of  the  two  kidneys  across  the  middle  line,  to  form  a  so-called 
*  horse-shoe '  kidney.  Of  the  two  elements,  the  left  is  three  times 
L/  the  size  of  the  right,  and  the  greater  part  of  both  is  situated  within 

the  false  pelvis.  The  connecting  portion,  which  is  quite  as  broad 
as  the  right  kidney,  is  placed  in  front  of  the  aorta,  and  has  the 
inferior  mesenteric  artery  passing  down  on  its  anterior  surface.  The 
pelvis  of  the  left  kidney  is  somewhat  dilated,  and  occupied  by  a 
large  stone.  That  of  the  right  is  not  so  large,  and  is  situated  in  front 
of  the  inferior  vena  cava,  immediately  to  the  right  of  the  middle 
line. 

"With  regard  to  the  arterial  supply,  the  left  renal  artery  is  three  or 
four  times  as  large  as  the  right.  The  right  kidney,  however,  receives 
a  branch  from  the  common  iliac  artery  of  that  side,  which  runs 
upwards  to  sink  into  its  lower  margin.  There  is  no  corresponding 
branch  present  on  the  left  side. 

A  special  branch  springs  from  the  front  of  the  abdominal  aorta,  and 
runs  down  to  enter  the  substance  of  the  connecting  portion. 

(10)  Dr  T.  R.  W.  Armour  exhibited  the  Genito-urinary  Organs  of 
a  male  Jerhoa  (fig.  3).  The  chief  interest  of  the  specimen  lies  in  the 
character  of  the  glans  penis,  in  which  a  condition  occurs  similar  to  that 
found  in  some  reptiles,  and  among  mammals,  in  certain  rodents  only, 
e.g.,  guinea-pig.  Agouti  rat,  and  spotted  cavy. 

The  testicle  is  f  inch  long,  and  nearly  i  inch  Avide ;  it  is  connected 
with  the  parietes  by  a  mesorchium  in  which  lie  the  spermatic  vessels 
and  the  tortuous  vas  deferens,  the  latter  having  a  very  narrow  attach- 
ment to  the  upper  pole  of  the  testicle,  and  swelling  out  into  an 
ampulla  before  joining  the  urethra.  The  bladder  is  small,  and  has 
a  relatively  long  thin  neck,  the  upper  portion  of  which  is  joined 
by  the  two  ureters.  The  membranous  urethra  is  nearly  an  inch 
long;  at  its  upper  end  a  small  swelling,  apparently  corresponding 
to  the  prostate,  can  be  felt :  at  this  point  the  vasa  deferentia  and 
seminal  vesicles  join  the  urethra.  The  penis  is  1^  inches  in  length; 
it  consists  of  the  normal  corpora  cavernosa  and  corpus  spongiosum, 
the  former  diverging  posteriorly  as  the  two  crura,  and  the  latter 
expanding  at  its  ends  to  form  the  bulb  and  glans  penis.  The 
bulb  indicates  on  its  surface  a  division  into  two  hemispheres,  and 
attached  to  the  urethra  at  its  posterior  border  are  well  developed 
Cowper's  glands. 

The  glans  penis  projects  backwards  into  the  cavity  of  the  inversion 
of  the  skin  of  the  abdominal  wall  which  forms  the  preputial  sac,  and 
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which  shows  the  orifice  of  the  anus  upon  its  posterior  wall.  The  glans 
is  relativelj'  large,  oval  in  outline,  and  flattened  on  its  dorsal  and 
ventral  surfaces.  On  the  ventral  aspect  is  a  capacious  meatus  bounded 
by  fissured  lips.  On  the  dorsal  surface  are  two  long  horny  spines 
lying  in  apposition  to  the  surface,  with  their  points  projecting  beyond 
the  apex  of  the  penis ;  these  are  1-  inch  in  length,  sharp  pointed,  and 
slightly  curved ;  their  globular  bases  fit  into  two  cup-shaped  depressions 
in  the  epidermal  covering  of  the  glans,  forming  a  ball-and-socket  joint, 
which  admits  of  a  considerable  range  of  movement.  Occupying  the 
dorsal  surface  between  these  are  numerous  much  shorter  spines,  with- 
out uniformity  of  arrangement  or  direction.  The  whole  glans  penis  is 
studded  over  with  minute  papillae,  which  are  larger  on  the  dorsal  than 
the  ventral  surface.     Embedded  in  the  substance  of  the  glans  is  the 
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Fig.  3.  —A,  genito-urinary  organs,  Jerboa  ;  B,  penis  of  Jerboa  (dorsal  aspect). 

rod-shaped  os  penis;  the  anterior  end  of  this  projects  slightly  into 
the  roof  of  the  fossa  navicularis,  while  the  posterior  end  lies  just 
behind  the  bases  of  the  long  styles,  with  which  it  has  no  apparent 
connection. 


(11)  Professor  A.  M.  Paterson  exhibited  tico  ca.'<es  of  Congenital 
Diaphragmatic  Hernia. 

Both  examples  occurred  by  deficiency  of  the  left  half  of  the  dia- 
phragm in  full-time  female  foetuses. 

In  one  case  (a)  the  diaphragm  is  almost  completely  absent  on  the 
left  side,  the  only  remaining  portion  being  a  sterno-vertebral  band 
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round  which  the  gullet  bends,  as  it  enters  the  abdomen.  In  the  other 
case  (b)  the  left  half  of  the  diaphragm  is  represented  posteriorly  by 
the  sterno-vertebral  band  only,  but  anteriorly  it  has  costal  attach- 
ments (to  the  7th,  8th,  and  9th  cartilages),  and  has  a  sharp  edge 
which  constricts  the  upper  surface  of  the  liver. 

There  is  in  each  case  a  wide  communication  between  the  left  pleural 
sac  and  the  peritoneal  cavity. 

The  disposition  of  the  viscera  is  very  similar  in  the  two  cases.  The 
abdominal  cavity  contains  the  right  half  of  the  liver,  the  descending 
colon,  and  sigmoid  flexure.  The  caecum  and  vermiform  appendix  are 
displaced,  lying  just  below  in  one  case  (a),  and  in  the  aperture  leading 
into  the  thorax  in  the  other  case  (b). 

In  the  thorax  in  both  cases  the  heart  and  pericardium  are  pushed 
over  to  the  right  side,  and  the  left  lung  is  small  and  flattened  against 
the  mediastinum,  near  the  apex  of  the  space.  In  both  examples  the  left 
pleural  sac  is  completely  filled  with  abdominal  viscera,  stomach,  spleen, 
duodenum,  the  loop  of  the  colon,  and  the  coils  of  the  small  intestines. 
The  colon  ascends  between  the  stomach  and  the  coils  of  the  small 
intestine,  and  crossing  the  duodenum,  binds  it  down  to  the  posterior 
thoracic  wall.  The  stomach  is  wholly  contained  in  the  thorax  ;  and  the 
oesophagus,  to  join  it,  takes  a  sudden  bend  round  the  left  crus  (stereo- 
vertebral  band)  of  the  diaphragm.  The  position  of  the  spleen  is 
extraordinary ;  by  the  flexion  of  the  stomach,  the  cardiac  end  pushed 
upwards  carries  the  spleen  along  with  it.  It  occupies  in  each 
case  a  secondary  hernial  sac,  which  projects  into  the  right  pleural 
sac,  behind  the  pericardium  and  oesophagus,  and  in  front  of  the 
aorta. 

Having  recently  had  the  opportunity  of  examining  a  considerable 
number  of  foetuses  of  various  ages,  one  can  state  with  some  precision 
how  frequent  this  condition  is.  These  are  the  only  cases  of  a  com- 
plete hernia  found  in  268  foetuses  between  3  and  9  months  (155  male, 
113  female),  of  which  134  are  full-time  (81  male,  53  female).  This 
condition  thus  occurs  in  0*74  per  cent,  of  cases  at  all  ages,  and  in  1-5 
per  cent,  of  cases  at  full  time. 

(12)  Professor  A.  M.  Paterson  described  a  rase  of  Left  Inferior 
Vena  Cava  (fig.  4). 

The  vena  cava  inferior  begins  on  the  left  side  of  the  bifurca- 
tion of  the  aorta,  opposite  the  fourth  lumbar  vertebra.  It  passes 
upwards  in  this  relation  to  the  aorta  as  far  as  the  upper  border  of  the 
third  lumbar  vertebra,  where  it  passes  obliquely  across  the  artery,  and 
continues  its  further  course  on  its  right  side.  It  is  formed  by  the 
union  of  the  two  common  iUac  veins,  of  which  the  right  receives  the 
middle  sacral  vein.  The  vena  cava  receives  also  right  and  left  lumbar 
veins,  the  left  spermatic  and  left  inferior  phrenic  veins,  and  two  renal 
veins  on  each  side.  The  right  spermatic  vein  joins  the  lower  right 
renal  vein.  A  vein  of  considerable  size  crosses  the  spine  behind 
the  aorta,  and  connects  together  the  right  and  left  renal  veins;  it 
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represents  presumably  the  remains  of  the  original  anastomosis  of 
the  embryonic  vena  cava,  with  the  renal  and  cardinal  veins.  The 
specimen  was  taken  from  the  dissecting-room,  so  that  the  arrange- 
ment of  the  vena  azygos  in  relation  to  the  vena  cava  inferior  was 
not  followed  in  detail.  It  was  found,  however,  that  there  was 
nothing  abnormal  in  the  arrangement  of  the  systemic  veins  in  the 
thorax. 

(13)  Professor  A.  M.  Paterson  gave  a  preliminary  account,  illustrated 
by  numerous  specimens,  of  the  Development  aiid  Ossification  of  tlie 


Fig.  4. — Left  inferior  veua  cava. 


Sternum  in  Man  and  Mammals.  A  full  account  of  this  communica- 
tion will  be  found  in  the  October  number  of  the  Journal  of  Ariatomy 
and  Physiology. 


(14)  Professor  Birmingham  exhibited  (a)  Dissection  of  the  Pelvis. 
The  body  was  hardened  by  intravascular  injections  of  formalin. 
After  opening  the  abdomen  and  removing  the  small  intestines,  the 
pelvis  was  separated  from  the  rest  of  the  body  by  an  oblique  cut  at 
an  angle  of  about  30°  with  the  horizontal  plane.  The  section  passed 
just  above  the  crest  of  the  pubes  in  front,  and  through  the  2nd  sacral 
vertebra  behind.  The  difficulty  of  dissecting  the  pelvis  through  the 
pelvic  inlet  in  the  ordinary  way  is  due  to  the  depth  of  the  cavity  and 
the  projection  of  the  sacral  promontory.  Both  of  these  diificulties 
are  removed  by  separating  the  pelvis  in  the  manner  described,  and  an 
excellent  view  of  the  cavity  is  obtained. 
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Having  removed  the  peritoneum  and  displayed  the  underlying 
viscera,  namely,  the  bladder,  ureters,  seminal  vesicles,  vasa  deferentia, 
etc.,  the  vireters  were  cut,  and  by  the  aid  of  a  long  curved  scissors, 
the  bladder,  which  was  empty  and  contracted,  was  separated  from  the 
prostate  and  removed.  In  a  similar  manner,  the  vas  deferens  having 
been  cut  on  each  side,  the  prostate,  with  the  seminal  vesicles  and  the 
ends  of  the  vasa  deferentia  attached,  was  carefully  separated  from 
the  rectum,  the  pelvic  floor,  and  the  membranous  urethra,  and 
removed.  The  rectum,  which  was  distended  with  fpeces,  was  cut 
just  above  the  beginning  of  the  anal  canal  and  taken  out ;  and  the 
visceral  layer  of  pelvic  fascia  having  been  removed  from  the  white 
line  inwards,  the  levator  ani  and  coccygeus  were  exposed.  The 
contents  of  the  rectum  were  carefully  removed,  with  the  intention  of 
filling  that  organ  with  gelatine,  but  so  thoroughly  were  its  walls 
hardened  that  it  retained  its  form  perfectly,  and  in  its  interior  an 
excellent  view  of  Houston's  valves  was  obtained.  The  various  organs 
were  then  replaced  in  their  proper  positions  within  the  cavity,  and 
the  whole  pelvis  built  up  again  out  of  its  constituent  parts.  The 
specimen  aftbrds  a  very  satisfactory  means  of  demonstrating  the 
anatomy  of  the  pelvic  cavity,  as  each  organ  can  be  removed  or 
restored  to  its  place  at  will,  without  losing  its  shape  in  the  slightest 
degree. 

(b)  A  case  slioioing  the  Pelvic  Peritoneum. — The  pelvis  was  sepa- 
rated from  the  body,  as  in  the  preceding  specimen,  the  pelvic  colon 
(sigmoid  flexure)  was  removed,  and  a  piece-mould  of  the  cavity  made, 
from  which  a  cast  was  afterwards  obtained.  The  bladder  and  rectum 
were  empty  and  contracted,  and  all  the  folds  of  peritoneum  well 
marked.  The  cast  shows  the  bladder,  the  whole  pelvic  course  of  the 
vas  deferens  running  beneath  the  peritoneum,  the  ureter,  obliterated 
hypogastric  artery,  and  the  rectum.  It  also  shows  very  clearly  the 
plica  vesicahs  transversa,  the  paravesical,  obturator,  and  hypogastric 
fossae  described  by  Waldeyer,  and  at  each  side  of  the  rectum  the 
"pararectal  fossa"  described  by  the  exhibitor. 

(c)  Naso-p1iary7ix. — A  coronal  section  was  made  through  the  head, 
■vvhich  passed  through  the  nasal  septum  within  a  few  mm.  of,  and 
parallel  to,  its  posterior  border.  The  posterior  nares  were  particularly 
wide  ;  and  the  whole  naso-pharynx,  with  the  openings  of  the  Eusta- 
chian tubes,  could  be  clearly  seen  through  them. 

(d)  Ainral  Gland  of  Nulin. — The  anterior  part  of  the  tongue  was 
turned  up,  retained  in  this  position  by  a  pin,  and  then  hardened 
by  immersion  in  strong  formalin  solution.  The  gland,  which  is 
over  half  an  inch  in  length  (almost  f  inch),  was  exposed  on  one 
side  by  the  removal  of  a  layer  of  muscle  about  1  mm.  in  thickness, 
derived  from  the  united  styloglossus  and  inferior  lingualis.  On  the 
opposite  side,  the  four  or  five  ducts  of  the  glands,  which  open 
directly  on  the  slight  prominence  produced  by  the  gland,  were 
demonstrated. 

(e)  Pyloi-us,  Plica  triangularis:. — Several  specimens  of  the  pylorus, 
from  formalin-hardened  bodies,  all  of  which  were  closed,  and  a  pharynx 
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with  the  pHca  triangularis  (His),  well  developed,  and  separated  from 
the  tonsil,  were  also  exhibited. 

(15)  Professor  Birmingham  also  read  a  paper  on  some  j^oints 
in  the  Anatomy  of  the  Digestive  System,  which  will  be  published 
in  the  October  number  of  the  Journal  of  Anatomy  and  Physio- 
logy. The  paper  dealt  especially  with  the  form  and  position  of 
the  stomach  and  rectum.  The  long  axis  of  the  stomach,  traced 
from  the  summit  of  the  fundus  (not  from  the  cardia),  was  described 
as  being  directed  almost  horizontally  forwards  and  to  the  right  in 
the  male  when  the  stomach  is  empty ;  in  the  female,  on  the  con- 
trary, as  a  result  of  tight-lacing,  the  long  axis  is  often  nearly  verti- 
cal. Three  stages  were  recognised  in  the  process  of  distension,  at  the 
completion  of  which  the  stomach  assumes  an  oblique  position,  its  long 
axis  forming  an  angle  of  about  45  degrees  with  both  the  horizontal 
and  sagittal  planes.  The  view  was  advanced  that  the  stomach,  and 
probably  all  other  hollow  viscera  with  muscular  wall,  were,  when 
empty,  contracted,  not  collapsed,  their  cavities  following  and  corre- 
sponding to  the  amount  of  their  contents.  The  large,  flat-walled,  and 
collapsed  empty  stomach,  commonly  described,  probably  does  not 
exist.  The  pylorus,  too,  has  never  been  found  patent  or  relaxed  in  a 
body  hardened  by  the  formalin  method,  so  far  as  the  author  was 
aware,  and  the  opening  of  the  pylorus  he  considers  to  be  an  active, 
not  a  passive  process.  Further,  the  pylorus  is  a  canal  of  nearly  an 
inch  in  length,  rather  than  an  abrupt  constriction. 

The  rectum  in  all  animals,  when  viewed  from  the  ventral  aspect,  is 
practically  straight.  In  man  it  presents  a  series  of  lateral  foldings  or 
flexures,  usually  three  in  number ;  and  the  valves  of  Houston  are  the 
expressions  of  these  lateral  inflections  as  seen  from  the  interior  of  the 
bowel.  These  lateral  foldings^  according  to  the  author,  are  an  adapta- 
tion to  the  erect  attitude,  the  object  of  which  is  to  relieve  the  anal 
sphincters  from  the  pressure  of  the  rectal  contents.  The  lateral  fold- 
ings break  up  the  rectal  contents  into  three  segments,  each  more  or 
less  completely  supported  by  a  valve  of  Houston.  The  view  was  ex- 
pressed that  while  the  levator  ani  and  external  sphincter  are  the  true 
sphincters  of  the  bowel,  the  internal  sphincter  is  continuous  with  the 
circular  muscular  fibres  of  the  intestine  in  action  as  well  as  in  struc- 
ture, its  chief  use  being  to  empty  the  anal  canal. 

(16)  Dr  Peter  Thompson  gave  a  lantern  demonstration  of  the 
Pelvic  FascicK  and  their  relationship  to  the  Levator  Aid.  A  full 
account  of  this  demonstration  will  be  found  in  the  Journal  of 
Anatomy  and  Physiology,  January  1901. 

(17)  Dr  Charles  J.  Pattex  gave  a  lantern  demonstration  on  the 
form  of  the  Heart  in  Man  and  otlier  Mammalia.  This  communica- 
tion will  be  published  in  the  Journal  of  Anatomy  and  Physiology  for 
October  1900. 
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(18)  The  President  exhibited  a  series  of  preparations  of  ^/ie  jjos^^'- 
rior  end  of  the  adult  Aorta. 

(19)  For  want  of  time,  an  important  communication  by  the  Presi- 
dent and  Dr  Arthur  Robinson  on  the  development  and  morphology 
of  the  posterior  end  of  the  Aorta  and  Iliac  Arteries  was  taken  as  read. 
It  will  be  published  at  length  in  the  next  volume  of  Studies  from  the 
Anatomical  Department  of  the  Oioens  College,  Manchester. 
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ON  THE   ARRANGEMENT   OF  THE   FASCIA   OF   THE      ^. 
PELVIS    AND     THEIR     RELATIONSHIP    TO    THE 
LEVATOR    ANL      By  Peter    Thompson,  M.D.,  Senior 
Demonstrator  of  Anatomy  in  the  Oivcns  College,  Manchester. 
(Plates  XII.-XVI.) 

The  influence  of  posture  on  the  muscles  of  the  pelvic  outlet,  and 
the  special  modifications  to  which  they  are  subject  in  man,  have 
been  described  by  numerous  writers.  On  the  other  hand,  few 
observations  seem  to  have  been  made  on  the  changes  in  the 
fasciae  associated  with  them. 

The  object  of  this  communication  is  to  direct  attention  to  one 
or  two  points  in  the  arrangement  of  the  pelvic  fascia  in  man, 
and  to  show  that  although  certain  well-marked  differences  may 
be  noted  in  comparing  the  fasciae  in  the  human  subject  and  in 
lower  mammals,  these,  for  the  most  part,  are  clearly  traceable 
to  the  assumption  of  the  upright  posture,  and  to  the  consequent 
modifications  which  are  thereby  rendered  necessary  for  the  sup- 
port of  the  pelvic  viscera. 

The  pelvic  fasciae  may  be  conveniently  considered  in  two  sets  : 
(1)  all  the  fasciae  which  form  coverings  or  investments  for 
muscles ;  and  (2)  the  fascial  layers  which,  in  part,  cover  and 
support  the  viscera.  The  former  of  these  sets,  which  we  may 
term  the  museular  set,  are  named  in  accordance  with  their 
muscular  relationships,  as  for  example,  obturator  fascia, 
pyriformis  fascia,  and  anal  fascia.  The  second  or  visceral 
set  comprises  all  the  fascial  layers  which  support  and  fix  the 
pelvic  viscera,  and  is  simply  designated  the  visceral  pelvic  fascia 
or  fasciffi,  though  Holl,i  taking  into  account  the  bony  pelvic 
attachment,  employs  the  term,  the  pubo-sacral  fascia. 

1  Holl,  M.,  "  Die  Muskeln  und  Fascien  der  Beckenausganges. "  Von  Bardeleben, 
Handhuch  der  Anatomic,  vii  Band,  iv  Lieferung,  Jena,  1897. 
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The  muscular  set  of  fasciae  are  most  easily  and  with  greatest 
advantage  studied  in  animals  where  the  levator  ani  is  replaced 
by  a  more  primitive  group  of  muscles,  as  in  carnivores.  In 
Fdis  leopardus  and  HerjJcsfes  mungos  the  following  fasciffi  are 
clearly  recognisable,  (a)  the  obturator  fascia  covering  the 
obturator  internus,  and  {h)  the  fascia  covering  the  ilio-coccygeus 
and  pubo-coccygeus, — the  homologous  muscles  of  the  levator  ani. 

In  these  representatives  of  the  carnivora,  the  obturator  fascia 
is  a  distinct  layer  of  connective  tissue  covering  the  inner  surface 
of  the  obturator  internus,  though  it  is  neither  so  well  developed 
nor  so  fibrous  as  the  corresponding  structure  in  man.,  In  both 
carnivores  it  has  practically  the  same  attachments  as  the  muscle, 
and  as  the  latter  is  much  less  extensive  than  in  man,  the  fascia 
only  covers  a  part  of  the  lateral  wall  of  the  pelvis.  It  reaches, 
in  front,  to  the  back  of  the  pubis ;  behind,  to  the  great  sacro- 
sciatic  foramen  ;  below,  to  the  conjoined  rami  of  the  pubis  and 
ischium  ;  and  above,  as  high  as  a  horizontal  line  drawn  from  the 
upper  part  of  the  symphysis  pubis  to  the  ischial  spine. ""  It  is  of 
uniform  development,  and  differs  from  the  corresponding  fascia 
in  the  human  subject  in  that  the  ilio-coccygeus  muscle  does  not 
take  origin  from  it,  but  extends  upwards  as  high  as  the 
ilio-pectineal  line.^ 

"^-The  fascia  covering  the  flexor  group  of  tail  muscles  (ilio- 
coccygeus  and  pubo-coccygeus)  is  not  so  obvious  as  the  preced- 
ing; indeed,  it  is  usually  thin  and  unimportant.  It  covers  both 
the  inner  and  outer  surfaces  of  the  muscles,  and  the  two  layers 
are  continuous  round  the  free  mesial  border  of  the  pubo- 
coccygeus  and  in  the  intervals  between  the  constituent  elements 
of  the  muscular  mass.  It  is  convenient  to  refer  to  this  fascial 
investment  as  the  fascia  ^ ilio-coccygea  and  the  fascia  pubo- 
coccygea,  and  in  each  to  distinguish  two  layers — an  inner 
and  an  outer.  -''At  the  pelvic  wall  they  are  attached  to  the  ilio- 
pectineal  line  and  the  pubis,  and  internally  fuse  with  the  fascia 
of  the  tail. 

In  the  majority  of  mammals  the  ilio-coccygeus  and  pubo- 
coccygeus  are  similarly  disposed,  and  it  seems  probable,  therefore, 
that  a  corresponding  arrangement  of  the  fascial  layers  would 
usually,  if  not  invariably,  be  found.  But  in  man  and  the 
orang-utan,  in  both  of  which  the   two  primitive  muscles  have 


ARRANGEMENT  OF  THE  FASCIA  OF  THE  PELVIS.      129 

been  modified  to  effect  the  more  efficient  closure  of  the  pelvic 
outlet,  and  to  support  the  superimposed  viscera,  marked 
differences  in  the  disposition  of  the  fascise  fjxist,  and  are 
intimately  associated  with  changes  in  the  attachment  of  the 
muscles,  whilst  they  are  probably  also  dependent,  at  least  to 
some  extent,  on  functional  changes. 

As  is  well  known,  both  the  upper  and  lower  surfaces  of  the 
levator  ani  in  man  are  covered  by  thin  layers  of  fibrous  tissue 
closely  adherent  to  the  subjacent  muscle.  They  correspond  to 
the  two  layers  of  fascia  investing  the  flexor  group  of  tail  muscles 
in  carnivores,  and  they  exhibit  distinctive  features  in  different 
parts  of  the  pelvic  floor.  Posteriorly,  the  upper  layers  of  the 
two  sides  are  continuous  behind  the  rectum,  and  fuse  with  the 
ligamenta  sacro-coccygei  auteriora  (tendinous  insertion  of  the 
pubo-coccygei).  In  the  region  of  the  canal  through  which  the 
rectum  passes,  they  descend  in  contact  with  the  rectal  wall,  and 
appear  to  end  over  the  external  sphincter  ani,  whilst  at  the 
front  part  of  the  pelvic  floor  the  fascial  layer  of  each  side  turns 
round  the  free  inner  edge  of  the  pubo-coccygeus  and  becomes 
continuous  with  the  layer  on  its  under  surface,  in  the  same  way, 
indeed,  as  already  described  in  other  mammals. 

The  lower  fascia  of  the  levator  ani  also  presents  a  different 
disposition  behind  and  in  front.  Posteriorly,  where  it  covers 
the  ilio-coccygeus,  it  forms  a  thin  membranous  layer — the  anal 
fascia — ■which  joins  with  the  corresponding  fascia  of  the  opposite 
side  in  the  ano-coccygeal  raphe.  '  In  the  region  of  the  canal  for 
the  rectum  it  appears  to  end,  like  the  upper  layer,  over  the 
external  sphincter,  and  according  to  HoU,^  is  finally  lost  in  the 
subcutaneous  fatty  tissue  in  the  region  of  the  anus.  In  front 
of  the  pre-anal  fibres  of  the  pubo-coccygeus,  however,  the  fascia 
is  continuous  round  the  inner  margin  of  the  pubo-coccygeus  w^ith 
the  upper  fascia  of  the  muscle,  and  externally  passes  to  be 
attached  to  the  descending  ramus  of  the  pubis  and  the  ascending 
ramus  of  the  ischium.  Between  its  external  bony  attachment  and 
the  inner  border  of  the  pubo-coccygeus,  it  lies  in  relation  to  the 
posterior  surface  of  the  sphincter  of  the  membranous  urethra 
and  the  transversus  perinei  profundus,  thus  forming  the  posterior 
layer  of  the  triangular  ligament. 

^  Loc.  c'd. 
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There  can  1)3  little  doubt,  therefore,  that  the  upper  and 
lower  fasciae  of  the  levator  ani  in  man  correspond  to  the  upper 
and  lower  fascia  of  the  flexor  group  of  tail  muscles  in  other 
mammals,  and  it  now  becomes  necessary  to  explain  the  apparent 
differences  in  their  lateral  pelvic  attachments.  An  examination 
of  the  obturator  fascia  in  man  will  simplify  the  subsequent 
description. 

The  obturator  fascia  is  regarded  as  the  special  fascia  of  the 
obturator  internus;  it  covers  the  inner  surface  of  the  muscle, 
and  at  its  limits  obtains'  attachment  to  the  bone.~/  Above,  it 
extends  to  the  iliac  portion  of  the  ilio-pectineal  line ;  in  front, 
it  is  attached  to  the  back  of  the  body  of  the  pubis ;  behind,  it 
reaches  beyond  the  muscle  to  the  great  sacro-sciatic  ligament ; 
and  below,  it  joins  the  falciform  process  of  the  latter,  and  thus 
gains  attachment  to  the  ascending  ramus  of  the  ischium  and  the 
descending  ramus  of  the  pubis. 

By  the  attachment  of  the  levator  ani,  the  fascia  on  the 
lateral  pelvic  wall  is  divisible  into  two  parts,  an  upper 
pelvic  portion  lined  by  peritoneum,  and  a  lower  perineal 
portion  forming  the  outer  boundary  of  the  ischio-rectal  fossa. 
These  divisions  are  named  by  His^  the  pars  supradiaphrag- 
matica  and  the  pars  infradiaphragmatica  of  the  fascia  obtura- 
toria.  But  other  considerations  lead  one  to  regard  the  division 
as  being  based  on  something  more  than  a  muscular  attachment. 
The  two  parts  have  a  different  appearance,  and  are  not  of  equal 
thickness.  The  pelvic  portion  is  thicker,  more  aponeurotic  and 
less  transparent  than  the  perineal  portion,  which  is  thinner 
and  more  membranous,  allowing  the  underlying  muscular  fibres 
to  be  seen  through  it  (PI.  XII.). 

In  those  mammals  which  1  have  had  the  opportunity  of  dis- 
secting, I  have  not  been  able  to  find  any  corresponding  arrange- 
ment of  the  fascia  on  the  lateral  wall  of  the  pelvis  except  in 
the  orang-utan,  in  which  the  condition  very  closely  resembles 
that  in  man,  though  there  is  one  important  point  of  difference, 
tlie  significance  of  which  will  be  referred  to  subsequently. 
Almost  invariably  the  fascia  is  of  uniform  thickness,  and 
is  not  divisilde  into  two  parts,  even  by  the  attachments  of  the 

1  His,  W.,  Die.  Anatomi&clie  Nomendalar  {Nomina  Anaiomica),  Leipzig,  1895, 
p.  142. 
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homologous  muscles  of  the  levator  aui,  and  in  most  cases  it 
position  is  perineal  rather  than  pelvic.  This  is  due  to  the 
extension  of  the  ilio-  and  pubo-coccygei  muscles  upwards  to  a 
higher  level  on  the  side  wall  of  the  pelvis.  In  ungulates,  the 
obturator  fascia  is  not  so  uniform  in  thickness,  being  here  and 
there  strengthened  by  longitudinal  fibres,  but  no  muscles  take 
origin  from  it.  It  is  noteworthy  that  in  these  animals,  in  which 
neither  the  ilio-coccygeus  nor  the  pubo-coccygeus  are  apparently 
represented,  the  fascia  obturatoria  exhibits  a  condition  which 
seems  peculiar  to  the  group. 

Apparently,  the  most  important  determining  factor  in  modify- 
ing the  arrangement  of  the  fasciae  on  the  side  wall  of  the  pelvis 
is  the  change  in  position  of  the  origin  of  the  ilio-coccygeus 
muscle.  At  least  one  stage  in  the  phylogeny  of  this  muscle  is 
the  descent  of  its  origin  on  the  lateral  wall  of  the  pelvic  cavity 
from  the  ilio-pectineal  line,  to  the  ischium  as  found  in  the  rabbit 
(Holl),  or  to  the  fascia  obturatoria  as  in  man. 

I  have  already  given  an  account  of  the  descent  of  this 
muscle  ^  in  a  young  kangaroo.  In  the  specimen  described  and 
figured  in  PI.  XIII.  the  ilio-coccygeus  consisted  of  three  parts, 
viz.,  the  upper,  middle,  and  lower  divisions. 

The  upper  division,  dorsal  in  position,  arose  from  the  iiio-. 
pectineal  line  just  above  the  strongly  marked  ilio-pectineal 
tubercle,  and  quite  close  to  the  sacrum.  The  middle  and  lower 
divisions,  ventral  in  position,  were  attached  to  the  side  wall  of 
the  pelvis ;  the  former  of  these  was  situated  immediately  below 
the  obturator  foramen,  the  latter  a  short  distance  further  down. 
The  lower  division  could  only  be  satisfactorily  studied  by 
removing  the  middle  layer,  and  it  was  then  seen  to  have  a 
remarkable  tendinous  origin,  one  quarter  to  half  an  inch  in  length, 
which  appeared  to  come  from  a  '  white  line.'  On  close  examina- 
tion, however,  it  was  clear  that  this  was  simply  the  attachment 
of  the  tendon  to  the  periosteum  covering  the  bone.  The  line  of 
attachment  coincided  with  one  drawn  horizontally  backwards 
from  the  lower  margin  of  the  symphysis  pubis  to  the  posterior 
border  of  the  ischium. 

Lower  down,  the  three  divisions  fused  together  and  formed  a 
rounded  muscular  bundle,  which  passed  on  to  the  under  surface 
1  The  Myology  of  the  Pelvic  Floor,  1899,  p.  76. 
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jf  the  tail,  quite  close  to  the  median  line.  It  finally  terminated 
in  three  slender  tendons  which  were  inserted  into  the  prominent 
tuhercles  on  the  under  surface  of  the  bodies  of  the  7th,  8th, 
and  9th  caudal  vertebrae.  Although  the  ilio-coccygeus  arises 
in  the  neighbourhood  of  the  ilio-pectineal  line  in  Echidna,  Fclis 
leo2Mrdus,  Fhoca  vitulina,  Dasyijus  sexcinctiis,  and  many  others, 
and  from  the  side  wall  of  the  pelvis  at  a  lower  level  in 
Erinaccus  curopceus,  Lejpus  cuniculus,  Cavia  cohaya,  Tliylacinus 
cynocej)halus,  and  in  Man,  the  young  kangaroo  is  the  first 
example  that  I  have  seen,  and  as  far  as  I  have  been  able  to 
ascertain,  the  first  that  has  been  recorded,  in  which  the  ilio- 
coccygeus  exhibited  both  attachments  in  the  same  animal.  Such 
a  disposition  illustrates  in  a  marked  degree  the  trans- 
ference of  a  part  of  the  ilio-coccygeus  from  the  ilio-pectineal 
line  to  a  lower  level  on  the  pelvic  wall.  Further,  this 
part  has  in  its  turn  divided,  so  that  the  lower  division 
has  continued  the  descent.  In  this  way  the  origin  of  the 
ilio-coccygeus  in  the  young  kangaroo  became  tripartite,  and 
thus  the  varying  height  of  the  ilio-coccygeus  in  man  and  its 
occasional  proximity  to  the  ilio-pectineal  line  becomes  intelligible. 

Passing  now  to  the  attachment  of  the  levator  ani  in  the 
human  subject,  it  arises  along  an  uninterrupted  line  from 
the  back  of  the  body  of  the  pubis,  from  the  obturator  fascia, 
and  from  the  spine  of  the  ischium.  The  attachment  to  the 
obturator  fascia  is  along  a  curved  line  known  as  the  '  white 
line '  of  the  levator  ani  (arcus  tendineus  musculi  levatoris  ani, 
B.N.A.). 

This,  it  should  be  pointed  out,  is  not  the  same  structure  as 
the  '  white  line '  of  the  pelvic  fascia,  along  which  the  visceral 
layer  of  the  pelvic  fascia  is  attached.  As  regards  level,  the 
'  white  line '  of  the  levator  ani  is  extremely  variable,  that  of  the 
pelvic  fascia  much  more  constant.  Indeed,  the  line  of  attach- 
ment of  the  levator  ani  may  assume  any  position  between  the 
pelvic  brim  and  a  horizontal  line  drawn  through  the  ischial 
spine  to  the  back  of  the  body  of  the  pubis.  The  attachment 
may  in  some  cases  reach  within  a  quarter  of  an  inch  of  the  ilio- 
pectineal  line,  and  in  others  it  may  descend  so  low  as  to  prac- 
tically coincide  with  the  level  of  the  '  white  line '  of  the  pelvic 
fascia.     The  attachment  of  the  upper  and  lower  fasciae  of  the 
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ilio-coccygeal  portion  of  the  levator  ani  to  the  obturator  fascia 
is  the  same  as  that  of  the  muscle. 

What  structures  are  represented  in  the  prominent  aponeu- 
rotic membrane  on  the  side  wall  of  the  pelvis,  between  the 
attachment  of  the  ilio-coccygeus  and  the  ilio-pectineal  line  ? 
Undoubtedly,  in  some  cases,  the  membrane  consists  essentially 
of  two  layers,  more  or  less  fused  together.  The  separation  can 
most  easily  be  effected  by  dissecting  from  the  perineum,  and  it  is 
then  evident  (PI.  XIV.)  that  the  ilio-coccygeus  is  continuous 
with  a  thin  aponeurosis  which,  lying  on  the  upper  part  of  the 
obturator  fascia,  passes  upwards  to  be  attached  to  the  ilio- 
pectineal  line.  This  confirms  the  statements  of  Luschka  ^  and 
Kollmann,-  that  normally  the  lateral  attachment  of  the  levator 
ani  extends  upwards  to  the  pelvic  brim. 

Clearly,  therefore,  there  is  a  somewhat  triangular-shaped  piece 
of  fascia,  above  the  line  of  origin  of  the  ilio-coccygeus,  extending 
above  as  high  as  the  ilio-pectineal  line,  in  front  to  the  back  of 
the  pubis,  behind  to  the  margin  of  the  great  sacro-sciatic  notch, 
the  size  of  which  varies,  and  depends  entirely  on  the  level  of  the 
tendinous  arch  of  the  levator  ani.  It  is  not  a  simple  structure, 
but  consists  of  two  layers  of  fascia  of  different  origin ;  one  lying 
on  the  inner  surface  of  the  obturator  internus,  the  other  in 
contact  with  the  peritoneum.  After  separation,  it  is  clear  that 
the  former  is  continuous  with  the  lower  perineal  portion  of  the 
obturator  fascia,  and  the  two  constitute  the  covering  for 
the  obturator  internus  muscle.  Of  the  thin  aponeurosis  with 
which  the  ilio-coccygeus  is  continuous,  I  venture  to  suggest  that 
it  represents  the  upper  fibres  of  the  ilio-coccygeus  and  the 
investing  fasciae.  That  such  a  degeneration  may  occur,  and  lead 
to  the  formation  of  a  tendinous  aponeurosis  or  fascia,  is  strongly 
supported  by  a  comparison  of  the  flexor  group  of  tail  muscles  in 
the  macaque  monkey  or  marmoset,  and  the  orang-utan.  The 
shortening  of  the  tail  and  the  partial  assumption  of  the  erect 
posture  in  the  orang-utan  has  led  to  specialisation  or  divergence 
from  the  common  or  general  arrangement  which  the  tailed  forms 
manifest. 

1  Luschka,  H.,  Die  Anatomie  dcs  Menschen,  Tubingen,  1864. 
-  Kollmann,  J.,   "  Der  Coccygeus  und  der  Levator  ani  bei  den  geschwanzten 
Affen  und  den  Anthropoiden,''  Anat.  Anz.,  ix  Band,  May  1894. 
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In  the  macaque  and  marmoset  (PI.  XV,)  the  flexor  muscles  of 
the  tail  comprise  the  pubo-coccygeus,  ilio-coccygeus,  and  sacro- 
coccygeus,  the  two  former  being  the  morphological  equivalent  of 
the  levator  ani  of  anthropoid  apes  and  man.  The  pubo-coccygeus 
takes  orgin  from  the  back  of  the  body  of  the  pubis,  the  ilio-  . 
coccygeus  from  the  ilio-pectineal  line  as  far  back  as  the  sacro-iliac"^ 
synchondrosis,  and  both  are  inserted  into  the  proximal  caudal 
vertebrae.  According  to  Kollmann,  the  pubo-coccygeus  in 
tailed  apes  is  divisiljle  into  two  parts,  a  ventral  portion  arising 
from  the  back  of  the  symphysis,  and  a  lateral  portion  arising 
from  the  upper  angle  of  the  symphysis  as  far  as  the  obturator 
canal,  but  I  failed  to  find  this  division  in  the  macaque  and 
marmoset. 

In  the  orang-utan,  the  coccygeal  vertebrae  are  represented  by 
two  or  three  rudimentary  structures,  and  the  pubo-  and  ilio- 
coccygei  are  remarkably  modified  to  form  a  muscular  diaphragm 
very  similar  to  what  is  found  in  the  human  subject  (PI.  XVI.). 
In  the  specimen  (a  well  developed  female)  which  I  have  recently 
had  an  opportunity  of  dissecting,  the  pubo-coccygeus  and  ilio- 
coccygeus  were  not  separable,  but  fused  into  one  continuous  layer. 
One  of  the  most  obvious  differences,  however,  in  the  muscles, 
when  compared  with  those  in  the  tailed  monkeys,  was  the  reduc- 
tion of  large  portions  to  fibrous  aponeurosis.  In  fact  the  only 
part  of  the  layer  which  was  muscular  at  its  origin  was  the 
ventral  portion  of  the  pubo-coccygeus.  The  more  detailed 
arrangement  of  the  two  muscles  is  as  follows  : — 

The  ilio-coccygeus  appears  to  arise  from  the  fascia  obturatoria 
along  a  line  extending  from  the  middle  of  the  symphysis  pubis 
to  the  ischial  spine,  but  this  is  more  apparent  than  real,  since 
on  dissecting  the  levator  ani  from  the  perineum  the  muscle 
separates  from  the  pelvic  wall  almost  as  high  as  the  ilio-pectineal 
line,  and  it  is  then  seen  that  the  upper  part  of  the  muscle  for 
lA^  to  2  inches  below  the  origin  is  remarkably  aponeurotic.  The 
posterior  fibres  are  inserted  into  the  sides  and  tip  of  the  coccy- 
geal vertebrte,  whilst  those  further  forward  pass  to  the  middle 
line,  and  joining  with  the  corresponding  fibres  of  the  opposite 
side,  form  the  upper  part  of  the  muscular  sling  which  is  such  a 
prominent  feature  in  the  orang-utan.  The  hinder  edge  of  the 
ilio-coccygeus  is  continuous  with  a  well-marked  layer  of  fascia 
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which  extends  upwards  in  front  of  the  coccygeus,  the  small 
•sacro-sciatic  ligament,  and  the  pyriformis  muscle. 

The  pubo-coccygeus  arises  from  the  back  of  the  pubis  along 
an  oblique  line  extending  from  near  the  lowest  part  of  the  sym- 
physis upwards  and  outwards  to  the  obturator  foramen.  The 
most  ventral  fibres  are  muscular  at  their  origin,  those  more 
■dorsally  situated  markedly  aponeurotic,  like  the  origin  of  the 
ilio-coccygeus.  Passing  to  their  insertion,  the  fibres,  now 
strongly  muscular,  join  in  the  middle  line  with  those  from  the 
opposite  side,  and  in  this  way  complete  the  muscular  sling  at  its 
lowest  part.  A  few  of  the  innermost,  most  ventral  fibres  of  the 
muscle  terminate  in  the  walls  of  the  rectum. 

It  is  thus  seen  that  in  the  orang-utan,  as  in  man,  the  levator 
ani  increases  in  thickness,  and  consequently  in  functional  import- 
ance, as  we  pass  from  the  dorsal  to  the  ventral  part  of  the 
muscle,  and  this  is  probably  explained  by  the  fact  that  the 
weight  of  the  superimposed  viscera  is  largely  borne  by  those 
parts  of  the  muscles  springing  from  the  back  of  the  pubes. 

But  in  the  orang-utan  the  obturator  internus  muscle,  and 
consequently  the  obturator  fascia,  have  not  the  same  extensive 
relation  to  the  lateral  pelvic  wall  as  in  man.  The  upper  limit 
of  the  muscle  is  defined  by  a  horizontal  line  drawn  on  the  side 
wall  of  the  pelvis  at  the  level  of  the  ischial  spine,  so  that  about 
two  inches  or  so  of  the  internal  surface  of  the  bone  intervene 
between  its  upper  border  and  the  ilio-pectineal  line.  In  dissect- 
ing the  levator  ani  from  below,  it  is  necessary  to  separate  the 
muscle  from  the  obturator  fascia — the  two  being  only  loosely 
•connected — and  the  thin  aponeurotic  portion  from  the  periosteum 
covering  the  bone  above  the  internal  obturator.  And  just  as 
there  is  a  tendency  for  the  aponeurotic  origin  of  the  ilio-coccy- 
geus in  man  to  fuse  with  the  upper  part  of  the  obturator  fascia, 
so  that  the  muscle  appears  to  rise  from  it,  so  in  the  orang-utan 
the  upper  part  of  the  muscle  tends  to  fuse  with  the  periosteum, 
so  that  it  appears  to  spring  from  the  side  wall  of  the  pelvis 
much  lower  down. 

The  conclusion  arrived  at  from  a  consideration  of  the  muscles 
and  fascise  on  the  side  wall  of  the  pelvis  in  man,  that  the 
portion  of  the  parietal  pelvic  fascia  above  the  origin  of  the 
pelvic  diaphragm  is  not  obturator  fascia  simply,  but  joined  with 
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the  upper  thin  aponeurotic  origin  of  the  ilio-coccygeus,  is  thus 
supported  by  a  comparison  with  a  type  closely  allied  to  man,  and 
in  which  the  obturator  muscle  and  its  fascia  do  not  reach  as 
high  as  the  ilio-pectineal  line.^  In  the  orang-utan  there  can  be 
no  doubt  that  the  fascia  lying  on  the  bone  above  the  apparent 
origin  of  the  pelvic  diaphragm,  and  seen  immediately  after 
removing  the  peritoneum  and  sub-peritoneal  fat,  represents  the 
upper  degenerated  part  of  the  ilio-coccygeus,  a  muscle  attaining 
a  high  state  of  development  in  tailed  monkeys. 

There  now  remains  to  be  described  the  second  set  of  fasciae, 
which  act  as  fixing  or  supporting  structures  to  the  pelvic 
viscera. 

In  animals  in  which  the  long  axis  of  the  body  is  horizontal, 
the  pelvic  viscera  derive  support  in  a  somewhat  different  way 
from  that  obtaining  in  those  in  which  the  axis  is  either 
absolutely  or  approximately  vertical.  In  the  former,  the 
viscera  are  supported  by  the  bony  floor  of  the  pelvis  (symphysis 
pubis),  whilst  the  rectum  is  also  suspended  from  the  sacrum 
and  the  proximal  caudal  vertebne.  The  external  sphincter  ani, 
attached  to  the  caudal  vertebr£e,  forms  a  sling  for  the  lower 
end  of  the  rectum,  the  ilio-  and  pubo-coccygei  passing  to  their 
insertion  into  the  tail  give  support  to  the  lateral  parts  of  the 
gut  a  little  further  forwards,  and  in  carnivores  at  least  special 
muscles  apparently  suspensory  in  function  extend  from  the 
caudal  vertebrae  into  the  walls  of  the  rectum  and  vagina. 

The  assumption  of  the  erect  posture — as  in  man,  and  ap- 
proximately so  in  anthropoids — necessitates  special '  modifi- 
cations for  the  support  of  the  pelvic  viscera.  Of  these, 
perhaps  the  most  important  are  the   modifications    which  the 

^  Very  few  embryological  observations  on  tlie  levator  ani  liave  been  pub- 
lished, but  in  a  recent  paper  by  J.  S.  Popowski  of  Tomsk  on  the  development 
of  the  perineal  muscles  in  human  embryos,  reference  is  made  to  the  way  in 
which  the  muscle  appears.  In  embryos  of  4-5  months  the  levator  ani  is  incom- 
pletely formed,  being  represented  by  that  part  which  springs  from  the  fascia  on 
the  lateral  wall  of  the  true  pelvis  (ilio-coccygeus),  and  is  uninterruptedly  con- 
tinuous with  the  coccygeus.  In  six  months  embryos  the  levator  ani  is  completed 
by  the  development  of  the  pubo-coccygeus.  No  reference  is  made  to  the  level  on 
the  lateral  pelvic  wall  at  which  the  ilio-coccygeus  takes  origin.  (Popowski, 
J.S.,  "  iJber  die  Entwickelung  der  Muskulatur  des  Perineums  beim  menschlichen 
Embryo."  Ernehnhm  dcr  Anntrymir  u.  EntxoickeliiiKjsgeschichtc.  Merkel  und 
Bonnet,  "Wiesbaden,  vol.  vii.,  1898.) 
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ilix)-  and  pubo-coccygei  muscles  undergo  to  form  the  levator 
ani.  At  the  same  time,  the  presence  of  a  strong  visceral 
layer  of  pelvic  fascia,  obviously  for  purposes  of  support,  which 
extends  between  the  viscera  and  the  lateral  pelvic  wall,  is 
suggestive  of  another  modification  of  structure  to  meet  special 
requirements.  But  whereas  the  homologous  muscles  of  the 
levator  ani  in  man  can  usually  be  recognised  without  difficulty 
in  lower  mammals,  this  is  not  the  case  with  the  visceral  layer  of 

I  pelvic  fascia.  Apparently  it  does  not  exist  as  such  in  lower  1 
mammals,  and  consequently  it  must  be  regarded  as  a  new  / 
formation. 

In  the  orang-utan,  the  visceral  layer  of  pelvic  fascia  is  strongly 
developed,  and  arranged  very  similar  to  that  in  the  human 
subject.  One  or  two  special  features,  however,  seem  to  throw 
some  light  upon  and  suggest  some  explanation  of  the  more 
complex  and  stronger  fascia  in  man.  In  the  orang  the  visceral 
fascia  is  directed  almost  sagittally  backwards,  and  extends  along 
the  sides  of  the  bladder,  vagina,  and  rectum,  from  the  symphysis 
pubis  in  front  to  the  posterior  part  of  the  pelvic  cavity  behind, 
and  in  the  latter  situation  it  is  continued  over  the  internal 
iliac  vessels.  The  fascite  of  both  sides,  therefore,  enclose  a  space 
which  is  occupied  by  the  pelvic  viscera.  It  is  interesting  to 
note  that  externally  the  layer  springs  from  the  upper  surface 
of  the  levator  ani,  along  a  line  extending  from  the  lowest  part 
of  the  symphysis  jDubis  towards  the  ischial  spine,  being  directly 
imited  to  the  upper  investing  fascia  of  the  muscle,  and  is  not 
attached  to  bone,  except  to  a  slight  extent  to  the  back  of  the 
pubis  in  front.  Its  line  of  attachment  externally  presents  no 
special  thickening  to  form  a  tendinous  arch  or  '  white  line,' 
and  this  is  in  harmony  with  the  observations  of  Kollmann  on 
the  chimpanzee.  In  three  specimens  (two  female  and  one  male) 
this  observer  failed  to  notice  anything  resembling  the  '  white 
line  '  of  the  pelvic  fascia.  Holl  rightly  points  out  that  the 
fascia  visceralis  arises  from  the  upper  fascia  of  the  pelvic 
diaphragm  in  man,  and  this  is  borne  out  by  the  lateral  con- 
nections and  attachments  of  the  fascia  in  the  orang. 

From  its  lateral  attachment,  the  fascia  is  directed,  almost 
immediately,  transversely  inwards,  so  that  it  lies,  for  a  short 
distance   only,  on   the   upper   muscular   fascia    of    the   pelvic 


138  DR   PETER   THOMPSON. 

diaphragm.   Further  inwards,  some  loose  areolar  tissue  separates 
the  two  structures. 

Internally,  at  the  sides  of  the  viscera,  and  along  the  vessels 
supplying  them,  the  visceral  fascia  divides  into  an  ascending 
and  a  descending  layer.  The  ascending  layer  passes  upwards 
on  the  sides  of  the  bladder,  vagina,  and  rectum,  and  is  soon  lost 
on  their  walls.  The  descending  layer  passes  downwards  on  the 
rectum  and  forms  a  specially  developed  sheath,  which  can  be 
followed  as  far  as  the  sphincters  encircling  the  lower  end  of 
the  bowel. 

In  man,  the  visceral  pelvic  fascia  is  similarly  arranged, 
though  there  are  one  or  two  points  of  difference.  It  is  a  well 
marked  fascial  structure,  extending  on  each  side  of  the  pelvic 
viscera,  from  the  front  to  the  back  of  the  pelvic  cavity.  Ex- 
ternally, it  is  directly  attached,  as  in  the  orang-utan,  to  the 
upper  fascia  of  the  levator  ani,  along  a  line  which  extends  from 
the  pubo-prostatic  ligament  to  the  spine  of  the  ischium.  At 
this  level  there  is  usually  a  more  or  less  definite  streak,  the 
'  white  line '  of  the  pelvic  fascia,  which  simply  indicates  the 
line  of  fusion  of  the  two  fascia?.  From  its  external  or  lateral 
attachment,  the  fascia  is  directed  downwards  and  inwards,  in 
contact  for  a  variable  distance  with  the  upper  fascia  of  the 
levator  ani,  to  the  prostate,  to  the  bladder,  and  to  the  rectum, 
and  then  divides  into  two  layers,  ascending  and  descending, 
which  serve  to  partly  cover  the  viscera  and  to  attach  them  to 
the  lateral  pelvic  wall.  The  ascending  layer  is  reflected 
upwards  over  the  bladder,  and  soon  becomes  closely  united 
with  its  muscular  coat ;  behind  and  above  the  prostate  it  gains 
attacliment  to  the  base  of  the  bladder,  immediately  outside  thB 
line  of  the  vesiculte  seminales.  At  the  side  of  the  rectum  it  is 
connected  with  the  sheaths  of  the  hypogastric  vessels,  and  is 
lost  in  the  loose  areolar  tissue  of  this  region. 

The  inferior  layer  descends  on  the  side  of  the  prostate,  and 
at  the  apex  of  the  gland  joins  with  the  muscular  fascia  of 
the  levator  ani,  and  is  continued  round  the  inner  margin  of 
the  pubo-coccygeus  into  the  superior  layer  of  the  triangular 
ligament  of  the  urethra.  In  the  posterior  part  of  the  pelvic 
cavity  the  layer  descends  along  the  lateral  wall  of  the  rectum, 
behind   which   it   joins  with   the   corresponding   layer   of   the 
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opposite  side,  and  is  finally  lost  over  the  sphincter  muscles  at 
the  lower  end  of  the  bowel.  Between  the  bladder  and  rectum 
the  descending  layers  of  the  two  sides  are  joined  together,  and 
in  this  way  the  front  part  of  the  rectal  sheath  is  completed. 
The  intervening  layer,  in  addition,  gives  a  covering  to  the 
vesiculae  seminales  in  the  male,  and  to  the  vagina  in  the  female. 

The  significance  of  the  '  white  line '  of  the  pelvic  fascia  has 
given  rise  to  much  speculation,  and  since  one  of  the  most 
obvious  differences  in  the  general  anatomy  of  the  fascia  visceralis 
in  man  and  the  orang-utan  is  the  absence  of  this  line  in  the 
latter,  the  question  arises  whether  its  appearance  is  not  due  to 
the  exigencies  of  the  upright  posture,  rather  than  to  a  mere 
thickening  or  opacity  of  the  parietal  pelvic  fascia,  along  which 
a  division  or  splitting  into  various  layers  is  said  to  take 
place. 

Professor  Thane's^  account  of  the  white  line  of  the  pelvic 
fascia  is  as  follows : — "  There  is  seen  on  the  upper  surface  of 
the  recto-vesical  fascia  a  thickened  band,  which  springs  from 
the  pubis  in  common  with  the  anterior  true  ligament  of  the 
bladder,  and  passes  backwards  and  outwards  to  the  ischial  spine, 
thus  strengthening  the  floor  of  the  pelvic  cavity,  and  assisting 
materially  in  the  support  of  the  bladder.  This  is  the  so-called 
white  line  of  the  pelvic  fascia,  and  in  its  posterior  part  it  corre- 
sponds to  the  place  of  origin  of  the  recto-vesical  fascia  from  the 
obturator  fascia." 

According  to  Luschka,^  the  white  line  is  either  an  elongated 
thickening  or  a  duplication  of  the  pelvic  fascia,  which  projects 
as  a  ledge  into  the  pelvic  cavity,  and  lies  on  the  upper  surface 
of  the  levator  ani,  and  his  observations  support  the  view  that 
there  is  no  absolute  connection  between  it  and  the  origin  of  the 
muscle.  The  muscular  fibres  are  attached  to  the  white  line, 
but  only  by  connective  tissue. 

Kollmann  ^  observes  that  the  appearance  of  the  white  line 
may  be  associated  with  the  reduction  of  the  levator  ani.  In  a 
Llama  calf  which  he  dissected,  the  ventral  part  of  the  levator  ani 
(pubo-coccygeus)  was  wanting,  but  in  its  place  he  found  a  well- 
defined  tendinous  arch,  which  extended  from  the  symphysis 
pubis  to  the  tuber  ischii.     In  this  case  the  muscle  appeared  to 

1  Quain's  Anatomy.  ^  Luschka,  loc.  cit.  ^  Kollmann,  loc.  cit. 
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have  been  partly  converted  into  a  tendinous  arch.  From  this 
Kolhnann  argues  that  it  is  possible  that  some  of  the  bundles  of 
the  levator  ani  in  man  may  have  been  converted  into  a  tendinous 
arch — the  white  line ;  and  he  is  of  opinion  that  the  differences 
in  its  development  may  possibly  be  due  to  the  influences  of 
pressure  and  pulling. 

As  far  as  my  dissections  go,  and.  these  include  examples  from 
each  group  of  mammals,  I  am  satisfied  that  there  is  no  '  white 
line '  of  the  pelvic  fascia  in  relation  to  the  pubo-  and  ilio- 
coccygei  muscles.  But  in  addition  to  Kolhnann,  Lartschneider 
also  refers  to  the  '  white  line  '  in  lower  animals.  In  the  stag  and 
horse  he  figures  a  white  band  in  the  fascia  obturatoria,  extend- 
ing from  near  the  origin  of  the  pubo-coccygeus  (ischio-anal 
muscle)  ventrally  to  the  back  of  the  symphysis  pubis,  which  he 
thinks  may  represent  the  arcus  tendineus  of  hoofed  animals. 

Now  in  ungulates,  neither  the  pubo-coccygeus  nor  the  ilio- 
coccygeus  are  present.  There  are,  however,  two  muscles  arising 
in  close  apposition  from  the  internal  surface  of  the  ischium, 
which  probably  represent  the  coccygeus  and  ischio-anal  muscles. 
The  obturator  intern  us  is  covered  with  a  prominent  layer  of 
fascia ;  but  in  none  of  my  dissections  did  I  observe  anything 
resembling  the  '  white  line '  of  human  anatomy.  The  obturator 
fascia,  as  Lartschneider  points  out,  shows  numerous  tendinous 
thickenings,  but  it  is  by  no  means  clear  that  the  most  marked, 
or  indeed  any  of  these,  correspond  with  the  arcus  tendineus  in 
man. 

Even  in  man,  in  whom  the  visceral  fascia  is  specially  de- 
veloped, the  'white  line'  is  not  always  recognisable.  When 
present,  as  already  pointed  out,  it  may  or  may  not  coincide  with 
the  arcus  tendineus  of  the  levator  ani.  On  the  other  hand,  it 
is  more  usual  to  find  the  tendinous  thickening  lying  upon  the 
inner  (upper)  surface  of  the  muscle,  immediately  below  its 
apparent  origin  from  the  side  wall  of  the  pelvis. 

Apparently  the  '  white  line '  of  the  pelvic  fascia  is  a  special 
development  peculiar  to  man,  though  its  origin  is  foreshadowed 
in  lower  primates  by  the  fact  that  the  fascia  visceralis  is  fused 
externally  with  the  upper  fascia  of  the  pelvic  diaphragm.  Its 
actual  appearance  seems  intimately  related  to  the  complete 
assumption  of   the   erect  attitude.      Under  this  condition  the 
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The  lateral  pelvic  wall  iVom  within.  P.C.,  pubo-coccygeus  ;  Il.C,  ilio-coccygeus  ; 
Il.C,  ilio-sacralis  (dorsal  fibres  of  ilio-coccygeus);  F.P.,  aponeurosis  of  ilio- 
coccygeus;  O.N.,  obturator  nerve,  accompanied  by  the  obturator  artery;  O.F., 
fascia  covering  lower  part  of  the  obturator  internus  ;  P.A.,  pudic  artery  in  Alcock's 
canal ;  C,  coceygeus. 
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Flexor  miiscles  of  the  tail  in  a  young  kangaroo,  seen  from  tlie  front  and  slightly  from  the 
left  side,  after  wide  separation  of  the  symphysis.  O.X.,  obturator  nerve  ;  LA,,  ex- 
ternal iliac  artery;  P.P.,  psoas  parvus;  M.S.A.,  middle  sacnil  artery;  lL.C.,"ilio- 
coccygeus  arising  from  ilio-pectineal  line  (upper  division);  S.C.L,  sacrococcygeus 
internus  ;  II  C,  ilii-coccygeus  (middle  division)  ;  Il.C".,  ilio-coccygeus  (lower  divi- 
sion) ;  S.C.E.,  sacro-coccygeus  e.xternus  ;  LC,  coccygeus  ;  P.C.,  pubo-coecygeus. 
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The  lateral  pelvic  wall  from  within,  showing  the  aponeurotic  origin  of  ilio-coccygeus 
separated  from  the  underlying  obturator  fascia.  P.O.,  puhococcygeus  ;  Il.C, 
iliosacralis  ;  F.P.,  aponeurosis  of  ilio-coccygeus;  O.X.,  obturator  nerve,  accom- 
panied by  obturator  artery;  O.F.,  fascia  covering  upper  part  of  the  obturator 
internus  ;  O.I.,  obturator  internus  with  fascia  removed  ;  P. A.,  pudic  artery  ;  C, 
coccygeus. 
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Flexor  group  of  tail  muscles  in  the  inanuoset  ;  left  side  from  with- 
in. P.P.,  psoas  parvus  ;  P.M.,  psoas  magnus  ;  O.N.,  obturator 
nerve;  P.C.,  pubo-coccj-geus  ;  0. 1.,  obturator  internus  ;  S.C, 
sacro-coccygeus ;  Il.C,  ilio-coccygeus. 
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Pelvic  diaphragm  iu  tlie  orang-utan  {Siinia  Safi/riis),  seen  from  above  after  separation 
of  the  pubic  bones.  P.P.,  psoas  parvus;  P.,  i)yriformis  ;  F.,  fascia  covering  psoas 
magnus,  prolonged  downwards  to  become  continuous  with  the  fibrous  aponeurosis 
of  the  ilio-coccygeus  ;  S.L.,  small  sacro-sciatic  ligament;  O.N.,  obturator  nerve 
accompanied  by  the  obturator  artery;  Il.C,  ilio-coccygeus;  R.,  rectum;  P.O., 
pubo-coccygeus  ;  F.P.,  aponeurosis  of  the  ilio-coccygeus;  C,  coccygeus ;  S.C, 
sacro-coccygeus. 
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pelvic  viscera  require  additional  support,  and  this  is  prob- 
ably obtained  by  a  proportionate  thickening  of  the  visceral 
fascia.  Obviously  there  is  now  a  more  cogent  reason  for  a 
firm  external  attachment,  and  this  seems  to  be  obtained  by 
additional  bundles  of  connective  tissue,  which  strengthen  the 
fasciffi  and  lead  to  the  formation  of  the  '  white  line ' 

Since,  then,  in  mammals  below  primates  there  is  no  visceral 
pelvic  fascia  similar  to  that  occurring  in  man  and  the  orang- 
utan, one  may,  in  conclusion,  ask,  What  is  the  origin  of  the 
fascia  ?  It  is  difficult  to  give  a  definite  answer  to  this  ques- 
tion. But  at  any  rate  we  know  that  a  fibrous  sheath 
envelops  the  obliterated  hypogastric  artery,  and  the  vessels 
supplying  the  bladder,  uterus,  vagina,  and  rectum,  and  it  may 
be  that  the  supporting  layers  of  the  pelvic  fascia  are  primarily 
derived  from  this,  by  lateral  extension  on  to  the  fascia  covering 
the  upper  surface  of  the  levator  ani.  There  is  one  circumstance 
that  seems  to  lend  some  support  to  this  view,  namely,  that  in 
the  orang-utan  the  visceral  layer  of  the  pelvic  fascia,  at  least 
in  its  hinder  part,  is  double,  and  some  of  the  vessels  derived 
from  the  hypogastric  trunk  are  situated  between  the  two  layers. 
But  further  observations  are  necessary  to  elucidate  this  point. 


ON  THE  DESTEUCTION  OF  LEUCOCYTES.  By  William 
Brodie  Brodie,  M.B.,  Muirhcad  Demonstrator  of  Fliydolocjy 
in  the  University  of  Glasyovj.     (Plate  XVII.) 

The  duration  of  cell  life  in  the  body  is  usually  considered  to  be 
a  limited  one,  old  cells  constantly  dying  off'  and  being  replaced 
by  new  ones.  In  some  cases  the  processes  of  regeneration  and 
the  ultimate  fate  of  the  cells  are  known  and  can  be  observed ; 
but  in  other  cases,  although  we  can  distinctly  observe  the 
formative  process,  it  is  as  yet  a  matter  of  uncertainty,  or  indeed 
quite  unknown,  what  becomes  of  the  eff'ete  cells.  To  this 
latter  class  belong  the  leucocytes  which  are  produced  in  large 
numbers  in  lymphoid  tissues  in  various  parts  of  the  body,  and 
from  this  free  multiplication  we  may  infer  that  they  are  also 
constantly  disappearing.  So  far,  however,  no  account  seems  to 
have  been  given  of  the  mode  of  their  disappearance  or  removal ; 
indeed,  one  comparatively  recent  text-book  on  physiology 
states  definitely  that  we  are  in  absolute  ignorance  as  to  their 
fate  (1). 

Quite  recently,  whilst  examining  some  sections  of  lymphatic 
glands  from  a  dog,  I  observed  in  the  lymph  spaces  of  the 
medulla  many  large  apparently  amoeboid  cells,  containing  what 
appeared  to  be  ingested  leucocytes,  in  varying  conditions  of 
disintegration.  These  phagocytic  cells  are  rather  hyaline  in 
appearance,  are  possessed  of  a  nucleus  well  defined  in  out- 
line, with  well-marked  nucleolus,  and  a  comparatively  small 
amount  of  chromatin,  so  that  it  does  not  usually  present 
the  appearance  of  a  darkly  stained  body.  Typically,  the 
nucleus  may  be  said  to  be  round  or  oval  in  shape,  but  variations 
are  common,  and  are  evidently  due  to  conditions  prevailing 
within  the  cell.  Perhaps  the  most  frequent  of  the  variant 
forms  is  a  crescentic  one.  The  ingested  nuclei,  on  the  other 
hand,  stain  very  darkly,  at  least  in  the  earlier  stages  of  digestion, 
though  their  staining  power  seems  to  diminish  as  this  proceeds ; 
also,  they  lie  in  vacuoles  in  the  protoplasm  of  the  enclosing  cell. 
In  shape  and  size  they  resemble  for  the  most  part  the  nuclei  of 
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lympliocytes  and  the  irregular  nuclei  found  in  other  forms  of  leu- 
cocytes. The  protoplasm  of  these  ingested  cells  evidently  soon 
disappears,  though  in  a  few  instances  it  has  been  observed  still 
preseot,  and  is  even  then  quite  distinguishable  from  that  of 
the  surrounding  cell.  The  nucleus  persists  much  longer,  but 
gradually  loses  its  staining  power,  and  may,  by  careful  focussing, 
be  detected  after  it  has  lost  all  affinity  for  staining  reagents, 
in  some  otherwise  apparently  empty  vacuoles. 

The  appearances  above  described  were  so  numerous  and  well 
marked  in  the  glands  of  that  particular  animal  that  they  could 
hardly  have  been  overlooked,  and  naturally  gave  rise  to  the  idea 
that  the  occurrence  might  possibly  be  of  a  pathological  nature, 
although,  so  far  as  one  could  judge,  the  animal  seemed  to  be  in 
perfectly  good  health. 

I  have  since  examined  lymphatic  glands  from  another  dog, 
a  cat,  and  from  man.  In  all  those,  except  that  of  the  cat,  I 
have  detected  appearances  similar  to  those  described,  but  in  no 
case  are  they  so  plentiful  or  so  well  marked  as  in  the  first  one. 
Indeed,  in  some  sections  they  are  so  scarce  that  very  careful 
search  is  required  to  detect  them. 

As  already  mentioned,  I  have  seen  no  reference  to,  or  any 
description  of,  such  a  process  going  on  in  lymphatic  glands.  Dr 
W.  B.  Drummond  (2),  in  a  recent  paper  on  htemolymph  glands, 
alludes  to  the  finding  of  nuclear  remains  in  some  of  the 
phagocytic  cells  found  there,  but  makes  no  further  comment 
upon  them.  One  would  hardly  perhaps  be  justified  in  placing 
such  destruction  of  leucocytes  as  a  normal  function  of  lymphatic 
elands,  on  the  strength  of  these  limited  observations,  but  it 
seems  advisable  to  place  them  on  record,  pending  a  more 
extended  investigation  into  the  matter,  which  will  include  a 
much    larger    number   of    glands    and    a   greater    variety    of 

animals. 

The  two  appended  photo-micrographs,  for  which  I  have  to 
thank  Dr  J.  H.  Teacher,  each  shows  one  of  these  large  phagocytes 
containing  an  ingested  cell.  In  No  1,  part  of  the  protoplasm 
of  the  ingested  leucocyte  still  persists  ;  and  the  true  nucleus 
of  the  phagocyte  is  seen  applied  in  a  crescentic  form  to  the  vacuole 
in  which  the  cell  undergoing  digestion  lies.  In  No  2,  the 
protoplasm  of  the  ingested  cell  has  disappeared,  but  its  horse- 
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shoe-shaped  nucleus  still  persists.     The  magnification  in  both 
cases  is  about  640  diameters. 


REFEREXCES. 


(1)  G.  iN".  Stewart,  Manual  of  Physiology,  third  edition,  1899. 

(2)  W.  B.  Drummond,  Jour,  of  Anat.  and  Physiol.,  xxxiv.,  1900. 


Journ.  of  Anaf,  and  rhysioloyy,  Jan.  1901. 


[Plate  XVII. 


'\% 


,  «*♦ 


^5  fl 


No.  1. 


/  •.!.      # 


Ci 


# 


Ife 


i^ 


» 


t^    # 


No,  2. 


Mr  Wm.  Brodie  Brodie. 


A  DIFFEEENTIAL  STAIN  for  MUSCULAR  and  FIBEOUS 
TISSUES.    By  Charles  Powell  White,  M.D.,  F.R.C.S., 

Demonstrator  of  Pathology  at  the  Yorkshire  College,  Leeds. 

It  is  often  very  difficult,  especially  in  morbid  histology,  to 
distinguish,  under  the  microscope,  between  unstriped  muscle 
and  fibrous  tissue.  I  wish,  therefore,  to  describe  a  method  of 
differential  staining  which  in  my  hands  has  proved  very  satis- 
factory. 

In  this  method  the  stains  on  which  I  rely  are  picric  acid  for 
the  muscle  and  erythrosine  for  the  fibrous  tissue. 

On  mixing  solutions  of  these  stains,  the  erythrosine  is 
precipitated  since  it  is  insoluble  in  acid  solutions  ;  but  if  the 
mixture  is  exactly  neutralised,  the  erythrosine  re-dissolves,  and 
the  result  is  an  orange-coloured  solution.  This  is  most 
easily  effected  by  the  addition  of  calcium  carbonate. 

The  stain  is  made  up  as  follows : — 

Saturated  solution  of  erythrosine  (Griiber)  in 

absolute  alcohol     .         .         .         ,         .  4  c.c. 

Saturated  solution  of  picric  acid  in  water       ,  50  c.c, 

"Water  .         .         .         .         .         .         .up  to  100  c.c. 

Excess  of  precipitated  calcium  carbonate  is  then  added,  and 
the  whole  is  allowed  to  stand,  with  occasional  shaking,  for  15  to 
30  minutes. 

It  is  then  filtered,  and  the  result  is  a  clear  solution  containing 
calcium  picrate  and  erythrosine. 

The  method  of  staining  is  as  follows : — 

1.  The  sections  are  stained  in  htemalum  or  other  nucleus- 
staining  preparation  of  hajmatoxyline. 

2.  After  washing,  the  sections  are  '  blued  '  in  a  saturated  solu- 
tion of  lithium  carbonate. 

3.  They  are  then  washed  thoroughly  and  placed  in  the  picro- 
•erythrosine  mixture. 

The  time  durinLf  which  this  stain  should  act  varies  somewhat 
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with  different  preparations.  If  the  time  allowed  is  too  short, 
the  picric  acid  stain  predominates.  If,  on  the  other  hand,  the 
sections  are  left  too  long  in  the  stain,  the  erythrosine  is  apt  to 
displace  the  picric  acid.  I  have  found  that  15  to  30  seconds 
usually  gives  the  best  results. 

4.  The  picro-erythrosine  is  then  washed  off  with  alcohol,  and 
the  sections  are  dehydrated  and  cleared  with  xylol. 

In  a  specimen  so  stained  the  muscle  fibres  are  yellow  or 
yellowish  brown  and  the  fibrous  tissue  is  pink,  the  contrast  often 
being  extremely  sharp.  Eed  blood  corpuscles  are  a  brilliant 
yellow,  and  the  protoplasm  of  epithelial  cells  is  yellow. 

This  method  is  very  useful  for  sections  of  uterine  fibroids 
and  solid  tumours  of  the  ovary,  and  it  shows  up  the  striated 
muscle  fibres  in  a  myo-sarcoma  very  distinctly. 

The  stain  somewhat  resembles  that  of  Van  Gieson,  but  it  has 
the  advantage  that  the  erythrosine  stain  is  more  pleasing  to  the 
eye  than  that  of  acid  fuchsine,  and,  as  far  as  my  experience  goes, 
it  is  more  permanent. 

Occasionally,  after  being  kept  for  some  time,  the  mixture 
will  be  found  to  have  lost  its  power  of  staining.  This  can  be 
remedied  by  the  addition  of  one  or  tw^o  drops  of  dilute  acetic 
acid,  or  it  can  be  acidified  more  strongly  and  neutralised  afresh 
with  calcium  carbonate. 

If  a  soluble  alkali  be  used  instead  of  calcium  carbonate,  great 
care  must  be  taken  not  to  add  too  much,  since  neither  erythrosine 
nor  picric  acid  stain  in  alkaline  solution. 


DEGENERATIONS  EESULTING  FROM  LESIONS  OF  THE 
CORTEX  OF  THE  TEMPORAL  LOBE.  By  W.  H. 
Thompson,  M.D.,  Dunville  Professor  of  Physiology,  Queen's 
College,  Belfast.     (Plates  XVIIL,  XIX.) 

The  investigation  from  wliich  the  following  results  have  been 
obtained  was  begun  as  far  back  as  the  year  1892,  in  the 
Physiological  Department  of  University  College,  London,  under 
the  guidance  of  Professor  E.  A.  Schiifer.  It  was  subsequently 
continued  in  the  Physiological  Laboratory  of  this  College,  where 
most  of  the  work  has,  in  fact,  been  carried  out.  The  completion 
of  the  research  has,  however,  been  delayed  by  several  interrup- 
tions. 

Two  preliminary  communications  dealing  with  some  of  the 
results  obtained  were  made  in  1892,  one  before  the  Pathological 
Society  of  London,  the  other  before  the  Section  of  Anatomy  and 
Physiology  of  the  Royal  Academy  of  Medicine,  Dublin.  A 
more  detailed  account  was  given  at  the  meeting  of  the  British 
Medical  Association  in  Montreal  in  1897. 

Objects  of  the  Research. 

At  the  time  this  inquiry  was  undertaken,  much  controversy 
existed  concerning  the  seat  of  the  cortical  representation  of  the 
sense  of  hearing.  Ferrier,  Munk,  and  Schiifer,  proceeding 
chiefly  from  the  immediate  results  of  extirpation  of  portions  of 
the  cortex  of  the  temporal  and  occipital  lobes,  had  all  arrived  at 
different,  and  in  many  respects  contradictory  views,  regarding 
the  precise  region  in  which  this  sense  is  represented.  Ferrier, 
as  is  well  known,  had  located  it  in  the  upper  end  of  the  superior 
temporal  convolution.  Munk's  auditory  sphere,  on  the  other 
hand,  embraced  portions  of  both  temporal  and  occipital  lobes ; 
while  Schiifer,  without  assigning  the  sensation  to  any  special 
part  of  the  cortex,  came  to  the  conclusion  that  destruction  of 
Ferrier's   auditory   centre,   or   even   complete    removal   of   the 
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whole    temporal   lobe,   did   not   impair   the    animal's  sense  of 
hearing. 

Meanwhile  the  question  had  been  attacked  in  another  way. 
The  experiments  of  Baginski,^  who  followed  the  degenerations 
resulting  from  destruction  of  the  cochlea  in  rabbits,  together 
with  the  researches  of  Flechsig  and  Bechterew,-  who  employed 
the  now  well  known  embryological  method  of  the  former 
investigator,  showed  that  the  auditory  nerve  of  one  side  is 
brought  into  connection  with  the  posterior  tubercle  of  the 
corpus  quadrigeminum,  and  with  the  internal  geniculate  body 
of  the  opposite  side,  by  means  of  the  contralateral  fillet. 

Prior  to  this,  V.  Monalcow^'  who  extirpated  definite  regions  of 
the  cortex  of  the  brain  in  new-born  animals,  and  afterwards 
followed  the  tracts  of  arrested  development  which  resulted  from 
these  operations,  had  come  to  the  conclusion  that  fibres  from 
the  ventral  part  of  the  temporal  lobe  end,  some  in  the  corpus 
geniculatum  internum,  others  in  the  posterior  tubercle  of  the 
quadrigeminate  body,  and  still  others,  pass  directly  down  into 
the  fillet. 

The  difficulties  attendant  upon  the  accurate  bracing  of  conduct- 
ing paths  within  the  brain  prevented  these  results  from  being 
finally  accepted  as  conclusive,  and  since  their  publication  many 
investigators  have  engaged  in  work  more  or  less  intimately 
connected  with  this  field. 

Held,^  who  employed  the  newly  introduced  method  of  Marchi 
for  showing  degenerated  tracts,  was  enabled  to  fully  confirm  the 
observations  of  Flechsig  and  Bechterew  regarding  the  central 
connections  of  the  auditory  nerve.  Von  Monakow,  who  likewise 
carried  out  an  investigation  on  this  part  of  the  subject,  has  also 
arrived  at  results  which,  in  the  main,  agree  with  those  of 
Flechsio-,   Bechterew,   and    Held.     He    takes   a  different  view, 

1  Baginsld,  B.,  "  Ueber  d.  Urspr.  und  centr.  Verlauf  d.  Nerv.  acust.  d. 
Kaniiichens,"  Virch.  Archiv,  105,  s.  28-46. 

-  Flechsig,  P.  (with  Bechterew),  "  Zur  Lehre.  v.  centr.  Verlauf  d.  Sinnes- 
Nerv,"  Neurol.  Centr.,  No.  23,  s.  545-551. 

'■''  V.  Jlonakow,  "  Ueber  einige  durch  extirp.  circumscr.  Hirnriiid-Reg. 
bedingt  Entwickelungshenun.  d.  Kaninch-Gehirns,"  Arcidv  f.  Psych.,  xii.  1, 
141  ;  also  xii.,  s.  535-549. 

'•  Held,  "  Die  cent.  Bahnen  des  Nerv.  acust.  bei  d.  Katze,''  Archiv  /■  Anat. 
u.  Physiol.,  Anat,  Abt.,  1891. 
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however,  regarding  the  paths  which  the  connecting  fibres  pursue 
in  one  part  of  their  course,  when  passing  from  the  auditory 
nuclei  to  the  above-mentioned  ganglia. 

Eesults  also  obtained  by  Zacher  ^  from  an  examination  of 
four  brains  with  more  or  less  extensive  softening,  contain  the 
following  conclusions  which  bear  upon  this  subject.  First,  that 
the  corpus  geniculatum  internum  is  directly  connected  with 
the  two  upper  convolutions  of  the  temporal  lobe,  to  which  it 
stands  in  the  same  relation  that  the  external  geniculate  body 
bears  to  the  occipital  lobe.  Second,  that  fibres  from  the 
temporal  lobe  descend  through  the  outer  fourth  of  the  iks 
pcdunculi  as  far  as  the  upper  part  of  the  pons. 

These  results  though,  as  we  shall  see,  in  themselves  perfectly 
correct,  did  not,  however,  do  away  with  the  necessity  for  further 
investigation,  especially  of  an  experimental  nature,  and  accord- 
ingly the  following  research  was  undertaken. 

Methods  employed. 

Monkeys  and  marmosets  were  exclusively  employed.  Of  the 
former,  Macacus  rhesus,  Macacus  sinicus,  and  Callithrix 
personata ;  of  the  latter,  the  common  marmoset  (Hapale  Jacchus) 
were  used. 

After  being  anaesthetised,  the  temporal  lobe  was  exposed  by 
trephining,  and  a  portion  of  the  cortex  removed  down  to  the 
white  centre.  This  was  effected  by  means  of  a  small  Volkmann's 
scoop  after  the  area  had  been  circumscribed  by  a  shallow  incision. 
The  whole  operation  was  performed  aseptically ;  after  the 
cranial  cavity  had  been  opened,  however,  no  fluid  was  employed 
for  contact  with  the  brain  other  than  sterilised  normal  salt 
solution.  The  size  and  situation  of  the  removed  areas  varied. 
Some  were  confined  to  Terrier's  auditory  centre  (apex  of  superior 
temporal  convolution),  but  for  the  most  part  they  involved  a 
considerably  greater  extent  of  cortex.  The  posterior  part  of 
the  temporal  lobe  was  throughout  avoided,  so  as  to  escape 
possible  injury  to  the  occipital  cortex.    Fig.  1  and  Plate  XVIII. 

1  Zacher,   "  Beitr.  z.  Kenntn.  d.  Faserverlaufs  in  d.  Pes  Pedunc,  sowie  iiber 
die  coit.  Bezieh.  d.  Corp.  Genie.  Int.,"  Arch.  f.  Psych.,  xxii.,  s.  654-698  (1891). 
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a,  1),  c,  d,  represent  the  areas  removed  in  certain  of  the  experi- 
ments. 

In  most  of  the  experiments  the  motor  area  was  not  exposed 
and  was  never  actually  injured  in  any  way. 

The  wounds  in  every  instance  healed  by  first  intention,  and 
the  animals  were  allowed  to  live  for  periods  varying  from  nine 
to  twenty-one  days.     They  were  then  painlessly  killed  hy  an 


Fk;.   1.  — Showing  tracings  of  lesions  from  four  of  the  marmoset  brains, 
viz.,  marmosets  5,  6,  7,  8. 

overdose  of  chloroform,  and  the  brains  and  spinal  cords  hardened 
in  Miiller's  fluid.  Subsequently  thin  slices  were  stained  in 
Marchi's  solution,  and  cut  in  celloidin. 

In  some  of  the  experiments,  instead  of  actual  removal  of  a 
portion  of  cortex,  a  subcortical  lesion  was  made,  and  the  piece 
left  in  situ.  The  results  of  these  differed  in  no  way  from  those 
furnished  by  the  more  usual  method  of  removal.  Control 
experiments,  in  which  the  surface  was  merely  exposed,  were  also 
performed.     In  all,  the  results  of  experiments  upon  thirty  brains 
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were  investigated,  fifteen  of  wliich  were  monkeys  and  a  like 
number  marmoset  brains.  Througb  these,  sections  were  made 
in  various  directions,  horizontal,  coronal,  and  oblique.  Before 
cutting,  photographs  or  tracings  of  the  lesions,  or  both,  were 
made. 

EeSULTS   OBTAINED. 

Degenerated  fibres  were  ascertained  to  exist  in  the  following 
tracts  and  fibres  : — 

1.  Association  Fibres. — In  the  first  instance  short  association 
fibres  connecting  the  removed  area  with  adjacent  convolutions 
or  portions  of  cortex  were  found  degenerated.  But,  in  addition, 
lonQ-er  association  tracts  were  also  found  to  present  the  same 
chance.  One  of  these  was  the  mferior  longitudinal  fasciculus 
conveying  degenerated  fibres  into  the  occipital  lobe  (see  d.  £?, 
figs.  3  and  4).  The  other  conveyed  similar  fibres  to  the  parietal 
lobe — iMricto-temporal  fasciculus. 

These  results  are  confirmed  by  recent  observations  of  Pusateri} 
who  found  degenerations  in  these  tracts  after  removal  of  portions 
of  Munk's  auditory  sphere  in  cats. 

It  must,  I  think,  therefore  be  unquestionably  accepted  that 
the  inferior  longitudinal  fasciculus  is  mainly,  if  not  wholly,  an 
association  link  between  the  occipital  and  temporal  lobes.  This, 
the  usually  accepted  view,  has  recently  been  contested  by 
Flechsigr  who  regards  it  as  a  projection  bundle,  descending  from 
the  occipital  lobe.  It  has,  however,  on  the  other  hand,  received 
confirmation  from  researches  by  Sachs  ^  into  degenerations 
followins;  softening  of  circumscribed  areas  of  the  cortex. 

2.  Commissitml  Fibres  :—(a)  Corpus  ccdlosum. — In  every  case 
degenerated  fibres  were  traced  over  the  ventricular  cavity 
towards  the  corpus  callosum,  across  the  posterior  half  of  which 
they  passed  to  reach  the  opposite  «ide  (see  cl.  o,  fig.  1).  In 
this  commissure,  they  were  found  mostly  to  occupy  the  lower 
half  of  the  vertical  section.     Having  gained  the  opposite  side, 

1  Pusateri,  E.,  "  Contrib.  alio  studio  del  origine  dell  fasclo  pedunc.  di  Turck 
e  del  fascio  long,  infer,"  II  Pisani,  s.  141-154. 

-  Flechsig,  P.,  "Die  Localisation  d.  geistigen  Vorgange,  insbesond.  der Sinnes- 
Empfindimgen  d.  Menschen,"  Leipz.,  1896. 

■'  Sachs,  H.,  "Ueber  Flechsig's  Verstand-Centren,"  Archiv. /.  Mik.  Aiiaf., 
B.  48,  pp.  550-572. 
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a  number  were  seen  to  bend  downwards  and  radiate  into  the 
cortex  of  the  opposite  temporal  lobe.  Some  fibres  turned 
forwards  into  the  internal  capsule.  These  will  be  referred  to 
later. 


dd. 


Fig.  3. — Horizontal  section  through  the  brain  of  marmoset  6  at  the  level  of 
the  upper  part  of  the  internal  capsule,  showing  sites  of  degeneration. 

d.  1,  internal  capsule,  side  of  lesion. 

d.  2,  inferior  longitudinal  fasciculus. 

d.  3,  tapetum,  side  of  lesion. 

d.  4,  tapetum,  opposite  side. 

d.  5,  corpus  callosum. 

d.  6,  internal  capsule,  opposite  side  to  lesion. 

But  fibres  of  another  set  were  also  traceable  from  the  seat  of 
the  lesion  tovxirds  the  region  of  the  corpus  callosum  at  its  hinder 
part.     Here  they  entered   the   bundle  of  fibres  known  as  the 
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tapetum  (see  d.  3,  fig.  3),  and  at  once  separated  into  two  groups. 
One  of  these  remained  on  the  side  proximal  to  the  lesion,  and 
passed  back  into  the  occipital  lobe,  forming  a  layer  immediately 
outside  the  posterior  horn  of  the  lateral  ventricle.  The  other 
crossed  over  in  the  corpus  callosum,  and  was  found  in  the 
tapetum  of  the  opposite  side,  along  which  its  fibres  were  traced 
backwards  and  downwards  into  the  occipital  lobe,  forming  here 
also  a  layer  placed  closely  external  to  the  posterior  horn  (see 
d.  ^,  fig.  4),  and  internal  to  the  so-called  optic  radiations  of  the 
white  centre.  In  this  way  a  communication  is  estabhshed 
between  a  given  area  of  temporal  cortex  and  the  surfaces  of 
both  occipital  lobes. 

Some  light  is  also  thrown  upon  the  constitution  of  the 
tapetum,  concerning  which  a  good  deal  of  difference  of  opinion 
exists  amongst  cerebral  investigators.  Wernicke^  believed  it 
to  be  a  set  of  fibres  passing  from  the  corpus  callosum  into  the 
internal  capsule.  Dejcrine,-  however,  identifies  it  with  the 
occipito-frontal  fascimlus  of  ForeV^  and  Onufrowicz;  but,  while 
denying  that  it  receives  any  fibres  from  the  corpus  callosum,  or 
contributes  any  to  the  internal  capsule,  he  admits  that  it  is  made 
up  of  fibres  from  two  different  sources.  Where  the  second  set 
of  fibres  originates,  Dejerine  does  not  state.  Mingazzini^ 
corroborates  the  view  that  the  tapetum  contains  two  sets  of 
fibres,  one  of  which  belongs  to  the  fasciculus  occipito-frontalis ; 
the  other  is  furnished  by  the  corpus  callosum.  Dotto  and 
Pwsa^eri  5  have  also  found  that  the  corpus  callosum  contributes 
fibres  to  the  tapetum.  My  own  results  fully  substantiate  this 
latter  view,  and  further  show  at  least  one  source  from  which 
the  callosal  fibres  come.  They  do  not  lend  any  support  to  the  be- 
lief that  fibres  of  the  tapetum  descend  into  the  internal  capsule. 

(&)  Anterior  Comiiiissure. — In  all  cases  where  the  lesion  of  the 

1  Wernicke,  Lehrbuch  d.  GeUrnkrcmkheiten,  Leipzig,  1881. 

■•^  Dejerine,  J.,  Anafomie  des  Centres  Ncrveux,  Tome  1,  p.  760,  Paris,  1895. 

='  Forel,  "  Fall  von  Mangel  d.  Balkens  in  einem  Idiotenhirn,"  Tagebl.  d.  54. 
Versamml.  deutsch.  Natnrforsch.  u.  Aertzte  in  Salzburg,  1881. 

^  Mingazzini,  G.,  "  Osservaz.  Anat.  intorn  al  corpo  callose  e  ad  alcuuo  formaz. 
che  con  esso  hanno  rapporto,"  iJiVcre/i.  lah.  di  Anat.  Norm.  Univ.  Roma.,  vol. 
vii.  pp.  5-28. 

5  Dotto  and  Pusateri,  "  Sul  decorso  delle  fibr.  del  corp.  callos.  e  del  psalteriuni," 
Rivist.  dipatol.  Nerv  e  ment.,  ii.  2,  1897. 


154 


PEOFESSOE   W.    H.    THOMPSON. 


temporal  cortex  was  extensive,  marked  degeneration  was  found 
in  the  anterior  commissure.  Here  the  fibres  occupied  the 
inferior  half  of  its  vertical  section  (pars  corticalis)  (see  d.  3,  fig. 


d4. 


d  2 


a.  J. 


a  /. 


--  as. 


Fk;.  4. — Horizontal  section  from  same  brain  as  fig.  3  at  a  lower  level. 

d.  1,  d.  2,  d.  4,  as  in  fig.  3. 

d.  6,  degenerations  extending  out  into  opposite  temporal  lobe. 

d.  7,  in  posterior  commissure. 

d.  S,  in  external  capsule. 

5),  and  passed  across  to  the  opposite  side,  where  they  bent  out- 
wards and  backwards,  to  end  in  the  lower  and  front  part  of  the 
cortex  of  the  temporal  lobe.  To  reach  the  anterior  commissure, 
these  degenerated  fibres  coursed  from  the  seat  of  lesion,  along 
the  external  capsule  (see  d.  8,  fig.  4).     But  all  of  those  found  in 
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the  external  capsule  did  not  enter  the  anterior  commissure. 
Many  descended  to  the  anterior  and  lower  part  of  the  temporal 
cortex  on  the  side  of  the  lesion.  Through  the  external  capsule 
and  anterior  commissure  another  bilateral  connection  is  thus 
established  between  the  cortex  of  the  temporal  lobe  and  both 
hemispheres,  comparable  to  that  formed  in  a  posterior  direction 
by  the  fibres  of  the  tapetum. 

(c)   Fornix. — In  a    small  number  of   the    brains   examined, 


Fig.  5. — Vertical  section  through  anterior  part  of  brain  of  marmoset  7, 
showing  sites  of  degeneration. 

(I.  1,  internal  capsule. 

d.  2,  parieto-temporal  fasciculus. 

d.  3,  anterior  commissure. 

degenerated  fibres  wero  detected  in  the  body  of  the  fornix  (see 
d.  6,  fig.  4).  They  probably  belonged  to  the  set  of  fibres  described 
by  authors  under  the  name  of  fasciculus  pericavitarius  medialis. 
They  were  traced  forwards  to  the  anterior  end  of  the  fornix, 
but  neither  their  exact  source  of  origin  nor  termination  could 
be  definitely  determined. 

(d)  Posterior  Commissure. — Some  degenerated  fibres  were  found 
in  nearly  all  cases  in  the  posterior  commissure.  Reference  to 
these  will  again  be  made. 
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3.  Projection  Fibres  :  (a)  Eetro-Lenticular  Group. — The  largest 
group  of  degenerated  fibres  was  in  all  cases  traceable  from  the 
seat  of  injury  through  the  corona  radiata  towards  the  internal 
capsule  (see  d.  1,  fig.  3).  On  entering  this  system  of  fibres,  the 
majority  were  found  to  occupy  the  retro-lenticular  segment  of  its 
posterior  limb,  some  extending  slightly  forwards,  however, 
between  the  posterior  end  of  the  lenticular  nucleus  and  the  optic 
thalamus.     Certain  of  these  fibres  were  seen  to  reach  the  capsule 


—  d.2 


d.f 


d3. 


d.4. 


Fig.  6. — Vertical  section  through  brain  of  marmoset  7,  posterior  to  fig.  5. 

d.  1  and  d.  2,  as  in  fig.  5. 

d,  3,  external  capsule. 

d.  4  and  S,  anterior  commissure. 

d.  5,  corpus  callosum. 

d.  6,  degenerations  extending  into  opposite  temporal  lobe. 

d.  7,  opposite  internal  capsule. 

by  piercing  the  back  part  of  the  lenticular  nucleus.  These,  no 
doubt,  correspond  to  the  bundle  which  Fleclisuj'^  has  recently  de- 
scribed in  the  brain  of  an  eight  months  foetus,  and  which  passes 
from  the  internal  geniculate  body  to  the  anterior  transverse 
temporal  gyri  perforating  the  putamen  in  its  course.  This 
bundle  was  medullated  before  those  of  the  fillet,  which  are  con- 
tributed to  the  posterior  corpora  quadrigemina. 

The  above  retro-lenticular  group  descended  with  the  capsular 
fibres,  and  was  found  to  be  distributed  in  the  following  ways. 


"  Zur  Anatomic  des  vord.  Sehhugelstiels  des  Cingulum  u.  der 
Acusticus-Bahn,"  Nmrol.  Ce.nlrcdb.,  xvi.  7,  p.  290. 


1  Flechsig,  P. 


DEGENERATIONS    FROM   LESIONS    OF   TEMPORAL   CORTEX.      157 

Many  of  its  fibres  entered  the  optic  thalamus  (see  d.  3,  fig.  4), 
and  of  these  some  were  not  traceable  further.  Others  traversed 
this  body,  and  appeared  near  the  surface  at  a  sulcus  external  to 
the  anterior  corpus  quadrigeminum  ^  (see  fig.  4).  Some  of  these 
latter  entered  the  anterior  tubercle  ;  the  remainder  were  con- 
tinued backwards  to  enter  the  posterior  tubercle  of  the  corpora 
quadrigemina.     Still   others  were  continued   into  the  internal 


^5-_ 


dtf 


Fig.  7.  — Vertical  section  through  same  brain  as  figs.  5  and  6  but 
posterior  to  fig.  6. 

d.  1,  (/.  2,  d.  3,  d.  5,  and  d.  6,  same  as  iu  fig.  6. 

d.  4  and  d.  7,  degenerations  in  tapetum. 

d.  S,  degeneration  extending  into  optic  thahimus. 

geniculate  body.  These  are  probably  identical  with  the  similar 
fibres  found  by  Boyce  after  removal  of  one  hemisphere.  Boyce 
considers,  however,  that  they  end  chiefly  on  the  side  opposite 
to  the  lesion.  In  my  experiments  this  was  not  so,  unless  one 
regards  those  in  the  posterior  commissure  as  belonging  to  the 
same  system  (vide  infra).  My  observations  under  this  heading 
in  the  main  therefore  confirm  and  extend  those  of  numerous 
observers.     In  addition  to  the  names  already  quoted,  may  be 

^  Cy.  Royce,  "  Coutrib.  to  the  Study  of :  I.  Some  of  tlie  Decussating  Tracts  of 
the  Mid-  and  Inter-brain  ;  II.  of  the  Pyramidal  System  in  the  Mesenceph.  and 
Bulb,"  Phil.   Trans.,  ser.  B.,  vol.  clxxxviii.  pp.  218,  219. 
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mentioned  those  of  Dejerine,^  and  of  Ferrier  and  Turner^  whose 
publications  have  appeared  since  the  present  research  was 
undertaken. 

It  is  interesting  to  note,  at  this  stage,  the  existence  of  degener- 
ated fibres  in  the  posterior  commissure  (see  d.  5,  fig.  8).  These 
turned  immediately  downwards  towards  the  dorsal  grey  nuclei 
of  the  mesencephalon.  They  were  no  doubt  continued  from  the 
capsular  set  of  fibres,  and  would  thus  supply  the  cross  link  for 


a  4 


d.5. 


d8 


d.6. 


d2 


d.3 


Fig.  8. — Vertical  section  through  same  brain  as  figs.  5,  6,  and  7,  but 
posterior  to  fig,  7,  showing  degenerations  in— 

d.  1,  posterior  part  of  internal  capsule  (subthalamic  region). 

d.  2,  inferior  longitudinal  fasciculus. 

d.  3,  extending  from  tapetum  into  occipital  lobe. 

d.  4,  tapetum  of  opposite  side. 

d.  5,  posterior  commissure. 

d.  6  and  7,  scattered  through  middle  parts  of  internal  capsules. 

d.  8,  traversing  optic  thalamus  to  reach  corpora  quadrigemina. 

a  bilateral  termination  of  the  sets  of  fibres  with  which  we  are 
now  dealing.  That  such  bilateral  method  is  the  general  plan 
of  connection  between  a  given  portion  of  the  cortex  and  other 
masses  of  grey  matter  I  have  little  doubt. 

Lastly,  a  very  definite  fasciculus  continued  downwards  in  the 
internal   capsule,  traversing  the  subthalamic  segment    of   this 

1  Dejerine,  J.,  "  Sur  I'origiue  cort.  et  trajet  intra-cureb.  des  fibres  de  I'etage 
inf.  ou  pied  du  pedoncle  cerebrale,"  Mtm.  dela  Soc.  do  Biol.,  t.  5,  pp.  193-206. 

-  Ferrier  and  Turner,  W.  A.,  "  An  Experim.  Research  upon  Cerebro-cortical 
afferent  and  efferent  Tracts,"  Proc.  Roy.  Sue,  Ixxii.  p.  1. 
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tract  (see  d.  1,  fig.  7),  and  from  thence  passed  into  the  outer  part 
of  the  pes  pedunculi.  In  the  subthalamic  region  the  degener- 
ated fibres  were  found  to  occupy  the  posterior  part,  distributed 
amongst  certain  of  the  bundles  of  fibres  into  which  the  s^'stem 
is  here  subdivided  (see  cl.  1,  fig  8),  but  leaving  others  wholly- 
free.  These  latter,  which  no  doubt  for  the  most  part  represent 
the  projection  system  of  the  occipital  lobe,  were  not  always  the 
most  posteriorly  situated.  Quite  a  common  arrangement  was 
to  find  a  small  degenerated  bundle  hindmost  of  all ;  then  one  or 
more  large  bundles  in  which  the  fibres  were  normal ;  and  in 
front  of  these  the  main  set  of  degenerated  fibres.  The  method 
of  distribution  was,  however,  subject  to  variation,  and  leads  one 
to  believe  that  the  relative  position  of  the  various  bundles  at  this 
situation  is  not  absolutely  constant. 

The  existence  of  a  definite  tract  in  the  outer  part  of  the  pes 
pedunculi,  descending  from  the  temporal  lobe,  has  been  abund- 
antly confirmed  by  many  observers  in  recent  as  well  as  former 
years.  Amongst  later  workers  may  be  mentioned  Dcjcrinc^ 
Van  Gchuchten^-  Fcrrier  and  Turner,^  Pusateri,^  and  Gcrvmr,^ 
all  of  whom  describe  this  tract.  Van  Brero  ^  stands  alone  in 
denying  its  existence.  Nearly  all  of  the  authors  mentioned 
consider  that  the  bundle  in  (question  contains  fibres  from  the 
temporal  lobe  only.  Gerwier,  on  the  other  hand,  assigns  to  it 
fibres  from  the  occipital  cortex  as  well.  This  view  I  can 
substantiate,  both  from  the  fact  that  amongst  the  degenerated 
fibres,  numerous  normal  ones  are  found,  and  also  from  the 
results  of  experiments  which  I  made  on  the  occipital  cortex  in 
conjunction  with  Dr  Cecil  Shaw,"  and  published  some  years  ago. 

^  Dejerine,  J.  op.  cit. 

-  Van  Geliuchten,  "  Contvib.  a  I'etude  du  faisc.  pyram.,"  Journ.  de  Neurol,  ct 
(VHypuol.,  B.  1,  pp.  336-345  ;  also  355-364. 

^  Ferrier  and  Turner,  W.  A.,  op.  cif. 

■•  Pusateri,  E.,  "  Contrib.  alio  studio  dell'  orig.  del  fascio  pedunc.  di  Tiirck  e 
del  fascio  long  inf.,"  II  Pisioii,  s.  141-154. 

^  Gerwier  (Hervver),  A.  W.,  "  Ueber  die  Endigung.  in  d.  Hirnrinde  des  lat. 
Biindels  an.  d.  Basis  d.  Pedunc.  cereb.,"  Ueberscliau  ilber  Psych.  Neurol,  u. 
expcrim.  Psych.,  H.  3,  s.  222.  (Ref.  m  CoUr.  f.  Nervhkdc,  21.  Jahrg,,  N.F., 
ix.  106,  p.  687.) 

^  Van  Brero,  P.  C.  J.,  "  La  Termiu.  cort  du  faise.  lateral  pedonculaire,"  Nouv. 
Iconogr.  de  la  Salpetricrr,  Annee  9,  No.  4,  pp.  206-222. 

^  Shaw,  C,  and  Thompson,  W.  H.,  "  Desc.  Degenerns.  from  Lesions  of  the  Cor- 
tex of  the  Occipital  Lobe  in  Monkeys,''  Brit.  Med.  Jonrn.,  1896,  vol.  ii.  p.  630. 
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The  fibres  of  this  bundle  when  traced  downwards  were  seen  to 
enter  a  group  of  cells  in  the  pons,  situated  external  to  the 
pyramidal  bundles,  and  on  the  side  of  the  lesion.  The  majority 
ended  here,  but  some  were  found  crossing  in  the  trapezium  to 
effect  a  connection,  no  doubt,  with  the  corresponding  group  of 


c  d 

Fig.  9. — Dorso-ventral  sections  through  mid-brain  of  same  marmoset  as  preced- 
ing four  figures,  and  through  upper  part  of  medulla  of  marmoset  9. 

(a.)  through  upper  part  of  crura. 

(&.)   through  lower  part  of  same. 

(c.)    through  pons  varolii. 

{d.)  through  upper  part  of  medulla  of  marmoset  9. 

the  opposite  side.  Thus,  at  this  stage,  a  bilateral  communica- 
tion is  again  established.  Gerwier  ^  also  describes  degenerated 
fibres  crossing  in  the  transverse  bundles  of  the  pons  after  lesions 
of  the  temporal  cortex. 

(h)   Scatte7'ed   Capsular   Fibres. — To   return   to   the    internal 

^  Gerwier,  op.  cif. 
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capsule,  the  degenerated  fibres  described  were  not  the  only  ones 
found  in  this  structure.  Others  were  scattered  throughout  the 
whole  of  its  posterior  segment.  A  similar  distribution  of 
degenerated  fibres  was  found  in  the  internal  capsule  on  the  side 
opposite  to  the  lesion.  There  can  be  little  doubt,  therefore, 
that  these  latter  crossed  over  in  the  corpus  callosum,  which,  as 
we  have  seen,  contained  such  fibres  throughout  the  whole  of  its 
posterior  half.  Bilaterally  degenerated  fibres  situated  in  both 
internal  capsules  were  also  described  by  SIwav  and  myself,  loc.  cit., 
after  lesions  of  the  cortex  of  the  occipital  lobe. 

On  tracing  these  fibres  downwards  they  were  found  to  diminish 
in  number,  and  no  doubt,  as  Hamilton'^,  as  well  as  Ferrier  and 
Turner  ^  state,  by  the  contribution  of  some  to  the  optic  thalami. 

Others  were  continued  on  into  both  peduncles,  where  they 
occupied  the  middle  regions  of  the  crustte  (see  <^?.  6  and  d.  7, 
fig.  8).  From  here  many  were  seen  to  enter  the  substantia 
nigra  and  terminate  there.  Such  a  mode  of  ending  of  pedal  fibres 
has  been  observed  by  many  investigators,  and  has  recently  been 
confirmed  by  Dejerine  and  Lowj!^  It  was  also  described  by 
81iaw  and  myself,'^  in  connection  with  similar  fibres,  degenerating 
after  lesions  of  the  occipital  cortex.  Muratoff^  Bothmann,^  and 
Boyce  ^  have  also  observed  fibres  leaving  the  pyramidal  system 
in  the  mesencephalon  and  passing  towards  the  tegmentum. 
The  remainder  of  these  fibres  were  followed  in  gradually 
reducing  numbers  as  low  as  the  pons,  beyond  which  they  could 
not  with  certainty  be  traced.  These  latter,  no  doubt,  ended  at 
different  levels  in  ventral  grey  matter  on  their  way  downwards. 
It  will  be  noticed  that  this  system  also  furnishes  bilateral 
connections  between  a  given  cortical  area  and  the  grey  matter 
of  the  basal  ganglia  on  the  one  hand,  as  well  as  that  of  ventral 
aspect  of  the  mesencephalon  on  the  other. 

^  Hamilton,  D.  J.,  "On  the  Corpus  Callosum  in  the  Embryo,"  Brain,  1885, 
p.  145  ;  also  "  The  Corpus  Callosum  in  the  adult  Human  Brain,"  Jb«ni.  of  Anat. 
and  Physiol.,  vol.  xix.  pp.  385-414. 

^  Ferrier  and  Turner,  AV.  A.,  op.  cit. 

'*  Dejerine,  J.  E.,  and  Long,  E.,  "  Sur  quelq.  degener.  second  du  tronc  enceph- 
de  I'homme,  etc.,"  Compf.  Rend,  de  la  Soc.  de  Biol.,  30  Juillet  1898. 

■*  Shaw,  C,  and  Thompson,  W.  H.,  op.  cit. 

•■*  Muratotf,  Arch./.  Anat.  il.  Physiol.,  1893. 

"  Rothmann,  Neurol.  Ccntralbl.,  June  1896. 

"^  Boyce,  o-p.  cit. 
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The  view  that  the  corpus  callosum  contains  other  than  direct 
commissural  fibres,  which  was  first  set  forth  by  Ramilton,'^ received 
much  opposition.  It  has,  however,  been  confirmed  by  the  experi- 
ments of  Bianchi  and  cVAhundo^-  in  connection  with  cortical  local- 
isation ;  by  those  of  Shaio  and  myself  on  the  occipital  lobe ;  and 
also  by  those  of  Ferrier  and  Turner^  on  cortical  afferent  and 
efferent  tracts.  Finally,  Dotto  and  Fusateri  *  also  support  this 
view.  These  workers  divided  the  corpus  callosum  at  its  hinder 
part  in  cats,  and  as  a  result  were  able  to  trace  degenerated  fibres 
downwards  through  the  capsules  into  the  mid-brain,  and  thence  on 
into  the  medulla.  Some  were  even  followed  into  the  spinal  cord. 
The  liability  to  injury  of  adjacent  parts  of  the  motor  cortex, 
which  such  experiments  involve,  has  been  pointed  out  by  Dejcrinc,^ 
and  he  attributes  the  degenerations  which  are  traceable  down- 
wards to  such  cause. 

I  can  confirm  the  statements  of  Dejerinc  with  regard  to  the 

liability  to  injury,  but  I  would  point  out  that  such  possibility 

did  not  arise  in  the  present  series  of  experiments,  nor  did  it  in 

those  of  Ferrier  and  Turner. 

These   descending   callosal  fibres  can  hardly  be  regarded  as 

"  projection   fibres "   in    the  ordinary  acceptance  of  this   term. 

They  are  more  to  be  considered   as   contra-lateral   association 

fibres,  a  view  which  would  equally  apply  to  all  of  the  fibres 

composing  the  corpus  callosum. 

Mid-hrain. — Besides  the  degenerated  fibres  already  mentioned 
as  being  found  in  the  mid-brain,  others  also  occurred  in  both 
fillets.  These  were  detected  in  the  highest  sections  made 
through  the  crura,  and  were  even  more  numerous  here  than  in 
sections  lower  down.  They  could  not,  therefore,  have  wandered 
in  from  other  crural  tracts,  possessing  such  fibres,  and  must 
consequently     have    descended    from     the    internal   capsules. 

'  Hamilton,  D.  J.,  op.  cit. 

^  Bianchi,  L.,  e  d'Abundo,  G.,  "  La  degeneraz.  speriment.  nel  cervello  e  nel' 
midollo  spinale,  etc.,"  La  Psychlatria,  1886;  also,  "Die  in  das  Gehirn  u. 
Rlickeuniark  heiabsteig.  Experini.  Degener.  als  Beitrag  z.  Lehre  v.  ceveb. 
Lokalisation,"  Neurol.  Centralbl.  v.  17,  1886. 

3  Ferrier  and  Turner,  op.  cit. 

«  Dotto  e  Pusateri,  ' '  Sul  de  corso  delle  fibre  del  Corp.  Callos.  e  del  Psalterium," 
Riv.  dipatol.  tiervement,  pp.  69-70. 

5  Dejerine,  J.,  Anatomie  dcs  Centres  Nervcux,  Paris,  1895,  p.  765. 
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Further,  from  the  fact  that  the  numbers  were  about  equal  on 
both  sides  from  the  first,  I  take  it  that  those  of  the  contra- 
lateral bundle  must  have  crossed  over  in  the  corpus  callosum. 

The  existence  of  fibres  directly  connecting  the  cortex  with 
the  mid-brain,  through  the  medium  of  the  internal  capsule, 
has  been  shown  by  numerous  observers.  It  was  first  stated  by 
V.  Guddeji}  and  has  since  been  confirmed  by  Flechsig  -  and 
F".  Monakow.^  V.  Monakoio  found  such  fibres  descending  from  the 
occipital  lobe,  and  entering  both  upper  and  lower  fillets.  The 
fibres  in  my  own  experiments  also  occupied  both  these,  though 
they  chiefly  lay  in  the  upper  fillet. 

Bechtereio,^  Edinger,^  Ohersteiner  and  HiU,'^  HdselJ  Ferrier  and 
Turner^  also  adopt  the  view  of  cortico-mesencephalic  fibres. 

The  fibres  thus  found  in  both  fillets  were  never  very  numerous. 
They  were  traceable  as  low  as  the  pons,  diminishing  on  their 
way  downwards,  and  no  doubt  ended  in  tegmental  grey  matter 
at  successively  lower  levels,  probably  furnishing  cortical 
connections  with  the  nuclei  of  sensory  cranial  nerves. 

Thus  throughout  the  whole  chain  of  communicating  links,  a 
bilateral  plan  of  connection  seems  to  be  followed.  One  would 
almost  a  priori  expect  this.  Moreover,  it  is  interesting  to  note 
that  this  system  of  '  sensory '  communications  has  its  homologue 
in  the  mode  of  termination  of  motor  paths,  as  Muratoff^ 
Sherrington^^  and  Melius  ^^  have  all  shown.     These  observers  have 

^  V.  Gudden,  GcsaTnmdte  Ahhandluncjen. 

'^  Flechsig,  "  Zur  Anat.  u.  Entwick.  Gesuhiclit.  d.  Leitungs-B.  i.  Grossh.  d. 
Menscheu,"  Arch.  f.  Anat.  u.  Physiol.,  Anat. 'Abth.,  1881,  Vl-lb. 

'•'•  Monakow,  "  Experim.  BeitrJige  z.  Kenntn.  d.  Pyramiden  n.  Schleifenbahn 
Referat,"  Neurol.  Centralbl.  1883,  s.  197-198  ;  also  Ibid.,  1885,  s.  265-268  ;  also 
Bcutschc  med.  JVochenschr. ,  xi.,  s.  79. 

■*  Bechterew,  "  Uiitersuchungen  u.  die  Schleifenschicht,"  Verh.  d.  konirjl. 
sacks.  Gesel/sch.  d.   JFissensch.  z.  Leipzig,  1885,  i.,  ii.,  s.  241-244. 

^  Edinger,  Vorlesungenilher  d.  Bau  d.  Nerv.  Centralorg.,  s.  415  6^*'*^  Aufl.  Leipz. 
1900. 

'^  Obei'steiner  and  Hill,  A7iat.  of  the  Cent.  Nerv.  Organs  (Lond.  1890),  p.  252. 

'  Husel,  "Beitriige  z.  Anat.  d.  Schleifen,"  iV^c«?-o?.  Centralbl.  ,1^^:,  pp.  546-549. 

*  Ferrier  and  Turner,  op,  cit. 

*  MuratofF,  "  Secund.  Degener  :  nacli  Zerstorung  d.  Motor-Sphiire  des  Gehirns, 
etc.,"  Archivf.  Anat.,  1893,  s.  97. 

^^  Sherrington,  "Note  on  Experim.  Degener.  of  Pyramidal  Tract.," Xance^,  1., 
1894,  p.  265. 

"  Melius,  "Prelim.  Note  on  Bilat.  Degener.  in  the  Sp.  Cord  of  Monkey 
{^facac^ls  sinicus),"  Proc.  Boy.  Soc.  Land.,  Iv.  (1894),  p.  208. 
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found  that  the  portion  of  the  pyramidal  tract  destined  for  the 
lateral  column  when  it  reaches  the  medulla,  and  rises  dorsally 
prior  to  decussation,  divides  into  two  portions ;  a  larger  which 
crosses  over  into  the  lateral  column  of  the  opposite  half  of  the 
spinal  cord,  and  a  smaller  which  is  continued  on  into  the 
lateral  column  of  its  own  side.  It  is,  I  should  venture 
to  say,  quite  likely  that  the  direct  pyramidal  bundle  also  ends 
bilaterally.  Further,  the  manner  in  which  the  optic  tract 
terminates  in  both  retina?  is  not  without  interest  to  call  to 
mind  in  this  connection. 

Since  I  have  no  doubt  that  the  same  rule  applies  to  other 
areas  of  cortex  than  those  of  the  temporal  lobe,  one  might 
therefore  formulate  a  lain  of  bilateral  connection  hettoeen  a 
given  portion  of  cortex,  and  all  the  more  distantly  situated  masses 
of  grey  matter  with  which  it  is  associated. 

Before  concluding,  I  have  to  thank  Dr  Cecil  Shaw  for  kindly 
making  the  photographs  for  me. 

Summary  of  Eesults. 

I.  Degeneration  was  detected  in  the  following  sets  of  fihrcs : — 
(1)  In  short  association,  fibres  passing  to  neighbouring  parts  of 
the   cortex.     (2)    In  longer   association    bundles,   viz.,  inferior 
longitudinal  fasciculus,  and  parieto-temporal  fasciculus,  leading 
to  occipital  and  parietal  lobes  respectively.     (3)  In  the  tapetum, 
some  of  these  fibres  passed  back  into  the  occipital  lobe  on  the 
side  of  the  lesion  ;  others  crossed  over  in  the  corpus  callosum  to 
the  tapetum  of  the  opposite  side,  by  which  they  were  likewise 
conveyed   backwards  and  downwards  into  the   occipital    lobe. 
(4)  In  the  external  capsule,  some  being  distributed  to  the  anterior 
and  lower  part   of  the  cerebrum,  others  crossing  over  in   the 
anterior  commissure  to  the  opposite  temporal  lobe.     (5)  In  the 
corpus  callosum,  one  set  leading  to  the  opposite  temporal  cortex, 
another    descending   in   internal   capsule.     (6)  In  the  internal 
capsule,  the  main  bundle  of  descending  degeneration  occupying 
the  retro-lenticular  segment  of  the  posterior  limb  on  the  side  of  the 
lesion.     Its  fibres  were  distributed  in  the  first  instance  to  the  back 
part  of  the  optic  thalamus,  the  corpus  geniculatum  internum, 
and  to  both  corpora  quadrigemina.     An  additional  set  descended 
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into  the  outer  fifth  of  the  pes  pedunculi,reachingas  low  as  the  pons, 
where  it  terminated  bilaterally.  Other  scattered  degenerations 
were  seen  in  the  greater  part  of  the  posterior  limbs  of  both 
capsules.  These  were  traced  into  corresponding  parts  of  the 
peduncles,  and  on  into  the  pons.  Fibres  from  this  source  were 
contributed  to  the  optic  thalami,  the  substantia  nigra,  and 
mesencephalic  grey  matter.  (7)  Lastly,  in  both  fillets,  crossing 
from  the  internal  capsules,  and  gradually  disappearing  in  the 
mid-brain. 

II.  A  laio  of  bilateral  association  seems  to  prevail  in  the  com- 
nmnications  established  bettveen  a  given  area  of  cortex  and  all 
other  distantly  situated  masses  of  grey  imttter  with  which  it  is 
directly  connected,  ichether  subserving  '  motor '  or  '  sensory ' 
functions. 

H.B. — The  expenses  of  this  research  have  been  defrayed  by 
grants  from  the  ,  Eoyal  Society  and  Eoyal  Irish  Academy. 
Thanks  are,  in  addition,  due  to  the  latter  Society,  in  whose  Pro- 
ceedings the  paper  also  appears,  for  the  kind  loan  of  the  illus- 
tration blocks. 


ON  THE  TOPOGRAPHICAL  ANATOMY  OF  THE  ABDO- 
MINAL VISCEEA  IN  MAN,  ESPECIALLY  THE 
GASTRO  -  INTESTINAL  CANAL.  Part  IIL  By 
Christopher  Addison,  M.D.,  B.S.  (Loud.),  F.E.C.S.,  Pro- 
fessor of  Anatomy,  University  College,  Sheffield.  (Plates 
XX.-XXIV.  and  one  Table.) 

{Continued  from  page  450,  vol.  xxxiv.) 

The  Stomach  Bed. 

It  has  been  already  described  how  the  stomach,  resting  on  its 
bed,  is  supported  at  its  lower  part  on  the  gastric  surface  of  the 
pancreas,  which,  sloping  downwards  and  forwards,  terminates  in 
the  more  or  less  prominent  anterior  border  and  forms,  in 
varying  degrees,  a  supporting  shelf  for  the  stomach. 

When  the  stomach  is  lowly  situated  it  tends  to  press  down  the 
anterior  border  of  the  pancreas,  to  increase  the  vertical  depth  of 
its  gastric  surface,  and  to  diminish  the  depth,  antero-posteriorly, 
of  its  inferior  surface  ;  that  is,  to  flatten  out  the  pancreas.  More- 
over, this  process  is  accompanied  by  a  pushing  down  of  the 
pancreas  over  the  face  of  the  left  kidney,  thus  giving  an 
increased  gastric  surface  to  the  kidney.  In  its  descent  the 
pancreas  occasionally  drags  down  the  left  supra-renal  body  with 
it  to  some  extent.  Finally,  the  descent  of  the  stomach  is  not 
accompanied  by  a  descent  of  the  left  kidney. 

The  reverse  of  these  processes  takes  place  when  the  stomach 
is  raised  up  by  distended  intestines;  the  depth  on  a  vertical 
plane  of  the  gastric  surface  of  the  pancreas  is  diminished, 
its  inferior  surface  is  increased  antero-posteriorly,  its  anterior 
border  becomes  more  prominent,  and  the  gland,  being  pushed 
upwards,  tends  to  obliterate  the  gastric  surface  of  the  left 
kidney.     (See  fig.  1,  Plate  LIV.,  Part  II.) 

Fig.  7  is  constructed  to  show  these  points  graphically. 
They  will,  however,  be  fully  realised  if  the  different  Tables  and 
Plates  be  compared,  especially  by  comparing  Plates  (XXI II., 
XXIV.)  of  the  duodenum  and  adjoining  viscera  on  the  reduced 
scale   with    those   of   the   similarly   reduced    outlines    of    the 
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Stomach  on  Plates  XLIII.  and  XLIV.,  in  Part  I.     Particularly 

consider  together  cases  31  and  32,  Nos.  35  and  36,  or  Nos.  25, 

26,  and  27  ;  and,  individually,  Nos.  24,  21,  15,  7,  6,  5,  and  2,  and, 

to  a  less  extent,  Nos.  17,  3,  and  1.     In  some  of  the  outlines  the 

conditions  determining  the  relation  of  the  parts  do  not  seem  to 

be  brought  out ;  for  instance,  in  case  22,  in  which  there  was  a 

full  stomach,  it  will  be  seen  that  the -head  of  the  pancreas  was 

at  a  much  lower  level  than  its  left  extremity,  which  was  not 

depressed   on  the  left  kidney.      Reference,  however,  to    Plate 

XXIII.  shows   that   in   this  case    the  pancreas   was  thin  and 

tapering  to  the  left,  and  would  but  little  oppose  the  descent  of 

the  stomach.     With  a  gland  so  variable  in  its  actual  size  as  the 

pancreas,  particularly  with  regard  to  the  size  of  its  body,  it  is 

to  be  expected  that  considerable  departures  from  the  general 

rule  will  be  met  with.     But   that   the    statements  previously 

made  in  regard  to  the  alterations  brought  about  in  it  by  changes 

in  position  of   the   stomach    are  generally  correct,  seems  well 

borne  out.     With  regard    to   fig.  7,  the  items  from  each  case 

are  placed  in  the  same   vertical   column  for   comparison.     In 

Scheme  A  the  horizontal  line  represents  the  anterior  border  of 

the  pancreas,  and  the  vertical  lines  represent  the  distances  of 

the  greater  curvature  of  the  stomach  above  or  below  it  in  the 

middle  line.     The  same  applies  to  Scheme  B  in  the  left  lateral 

line.     In  Scheme  C  the  horizontal  line  represents,  again,  the 

anterior  border  of  the  pancreas,  the  vertical  lines  above  indicate 

the  depth,  projected  on  to  a  vertical  plane,  of  its  gastric  surface, 

and    the   vertical    lines    below   represent    the    depth,   antero- 

posteriorly,  of  its  inferior  surface  ;  both  being  taken  in  the  left 

lateral  hue.     In  Scheme   D  the  horizontal  line  represents  the 

upper  border  of  the  pancreas  in  the  same  plane  as  in  Scheme  C, 

and  the  vertical  lines  in  this  case  indicate  the  distance  of  the 

upper  pole  of  the  left  kidney  above  or  below  the  upper  border 

of  the  pancreas,  as  the  case  may  be.     On  Scheme  E  the  relation 

of  the  greater  curvature  of  the  stomach  to  the  line  E.F.  in  the 

lateral   line    is   represented   by   the    vertical   lines.     For    the 

purpose  of  explanation,  take  two  adjoining  contrast  cases  (Nos. 

36  and  37),  which  have  been  specially  numbered.     In  case  36, 

as  A,  B  and  E  show,  there  was  a  low  stomach.     C  therefore 

shows  a  flat  pancreas— that  is,  one  having  a  large  gastric  and  a 
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small  inferior  surface — whilst  D  shows  this  flat  pancreas  to 
have  been  low  clown  on  the  left  kidney,  leaving  a  large  gastric 
surface  of  the  kidney  exposed  above  it.  In  case  37,  on  the 
contrary,  the  conditions  are  reversed ;  a  high  stomach,  a  pancreas, 
with  a  large  inferior  and  a  small  gastric  surface — pushed  up,  that 
is,  from  below — and  the  kidney  with  no  gastric  surface  at  all. 

The  Pancreas  in  the  3fiddle  Line. — One  other  matter  in 
connection  with  the  stomach  remains  to  be  mentioned  ;  namely, 
the  condition  of  and  relation  to  the  stomach  of  the  upper 
border  of  the  pancreas  in  the  middle  line,  which  averaged 
•5  cm.  above  the  lesser  curvature.  The  extreme  distance  of  the 
upper  border  of  the  pancreas  above  the  lesser  curvature  in  the 
middle  line  was  in  case  36,  7  cm. ;  and,  of  the  rest,  Nos.  34  and 
2  were  the  greatest  with  375  and  3-5  cm.  respectively.  In  25 
cases  the  pancreas  was  above  the  lesser  curvature.  In  4  cases 
the  levels  corresponded.  In  the  remaining  11  cases  the 
pancreas  was  below  the  lesser  curvature  :  in  case  29,  4  cm. ;  in 
case  37,  3-5  cm. ;  in  2  cases  2-5  cm.,  and  in  3  cases  2  cm.;  the 
distance  in  the  remaining  cases  being  less  than  2  cm. 

Sometimes  when  the  pancreas  projects  above  the  lesser 
curvature  it  presents  a  well-marked  omental  tuberosity  at  or 
near  the  middle  line ;  in  others  it  merely  thins  out  on  to  the 
vertebral  column.  Prof.  Symington  (5),  speaking  of  this 
omental  tuberosity,  says  :  "  As  a  rule,  I  believe  it  will  be  found 
much  more  distinct  when  the  stomach  is  distended  than  when 
it  is  empty."  In  these  cases  it  was  most  distinct  when  the 
stomach  was  low  down  and  distended.  It  was  most  distinct, 
either  as  a  ridge  or  as  a  tubercle,  in  cases  36,  34,  27,  15,  10,  and 
30,  and  in  case  7  to  the  left  of  the  middle  line.  In  all  of  these 
cases — except  in  Nos.  27  and  30,  in  which  the  stomach  was 
well  filled — the  stomach  was  described  as  distended,  and  in  all 
of  the  cases,  except  No.  10,  the  stomach  was  low  down. 
AVhen,  however,  the  stomach  was  fairly  high  in  the  abdomen, 
although  distended,  the  omental  tuberosity  was  noted  as  either 
very  small  or  practically  absent ;  namely,  in  cases  28,  29,  9,  32, 
and  11;  so  that,  apparently,  a  large  omental  tuberosity  of  the 
pancreas  occurs  when  the  stomach  is  luw  doion  and  distended, 
as  distinguished  from  the  cases  in  which,  whilst  distended,  the 
stomach  maintains  its  normal  level. 
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The  Duodenum. 
Table  Y. 

The  Average  Position  of  the  Duodenum  and  various  related 

Measurements. 


Centimetres 
1"8  above. 


The  duodenum,  etc. — The  highest  point  of  the  first 
part  of  the  duodenum  as  to  E.F., 
The  highest  point  of  the  first  part  of  the  duodenum 
from  middle  line,       ...... 

The  lower  border  of  the  liver  in  a  vertical  plane 
through    the   highest   point   of    the   duodenum 
as  to  E.F.,         ....... 

The  tip  of  the  gall-bladder  as  to  E.F.,    . 

,,  „  from  the  middle  line,    . 

The  point  nearest  E.F.   at  which  the  duodenum 

reaches  its  extreme  right  as  to  E.F.  (right  point 

of  the  duodenum),     ...... 

The   extreme   right    of   the   duodenum    from   the 
middle  line,       ....... 

The  greatest  overlapping  of  the  right  kidney  by  the 
duodenum  at  any  point,     ..... 

The  lowest  point  of  the  duodenum  as  to  E.F., 

„     iliac  crest, 

The  lower  border  of  the  duodenum  in  the  middle 

line  as  to  E.F.,  ...... 

The  lower  border  of  the  duodenum  in  the  middle 
line  as  to  umbilicus,  ...... 

The  highest  point  of  the  duodeno-jejunal  flexure  as 

to  E.F.,    .         .         .         .         .         .         .         .  corresponds 

The  highest  point  of  the  duodeno-jejunal  flexure  as 
to  middle  line,  ....... 

The  relation  of  the  duodenum  to  the  right  costal 
arch  does  not  admit  of  a  general  statement  (see 
page  170  and  Table  III.,  Appendix). 
The  rigid  Mdney. 

The  upper  pole  as  to  E.F.,     . 

„  ,,        middle  line,  . 

The  nearest  point  of  the  upper  segment  from  the 
middle  line,       ...... 

1  The  "  outer  point  "  from  the  middle  line, 

as  to  E.F 
The  lower  pole  as  to  E.F.,     .... 

,,  ,,      from  iliac  crest  (highest  part), 

^  By  the  "  outer  point"  of  the  kidney  is  meant  the  point  along  its  outer  border 
nearest  to  the  plane  of  E.F.  at  which  the  outer  border  attained  its  greatest 
distance  from  the  middle  line. 


4  right. 


1-6  below. 
3-73    „ 
6-5  right. 


2  "5  below. 

7 

2-3 

8-77  „ 
•72  above. 

7-9  below. 

2-3  above. 


2-8  left. 


.     3-4  above. 
.     5-6 

1 

\     3-9 
.     9-8 
,     2  below. 

.     2-5  above. 
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I.  General  Position  of  the  Duodenum  as  Eegards  the 

Surface. 

Surface  Marking. — The  measurements  in  Table  V.  and  on 
Table  III.,  Appendix  (Part  II.),  relate  to  the  outer  or  convex 
border  of  the  duodenum,  above,  externally,  and  below,  but  the 
width  of  the  duodenum  was  fully  recorded  at  the  various 
points,  and  is  given  in  the  Plates  and  on  the  various  Figures 
of  the  duodenum. 

Beginning  at  the  upper  border  of  the  pylorus,  which,  it  will 
be  remembered,  is  situated  '76  cm.  above  E.F.,  2  cm.  to  the  right 
of  the  middle  line,  the  first  part  of  the  duodenum  passes 
upwards  and  outwards  and  soon  attains  its  highest  point,  1"8  cm. 
above  E.F.,  at  a  distance  of  4  cm.  from  the  middle  line. 
Beginning  to  descend  as  the  second  part,  the  duodenum,  still 
passing  outwards,  passes,  as  a  rule,  just  under  cover  of  the 
eighth  costal  cartilage  ("25  cm.  underneath),  immediately  in 
front  of  the  tip  of  the  ninth  costal  cartilage.  Passing  still 
further  outwards  and  downwards,  it  reaches  its  extreme  right 
of  7  cm.  from  the  middle  line  at  a  distance  of  2-5  cm.  below 
E.F.  Continuino-  downwards  at  this  distance  from  the  middle 
line  with  a  slightly  convex  outer  border,  it  bends  inwards  and 
attains,  about  the  right  lateral  line,  its  lowest  point  at  a 
distance  of  8-7  cm.  below  E.F.,  and  '7  cm.  above  the  highest 
part  of  the  iliac  crest.  Ascending  somewhat  as  it  passes 
inwards,  it  crosses  the  middle  line  7"9  cm.  below  E.F.,  at  an 
average  distance  of  2 '3  cm.  above  the  umbilicus.  From,  this 
point  the  fourth  part  bends  almost  directly  upwards.  Measured 
from  the  lower  border  in  the  middle  line  to  the  upper  border 
at  the  duodeno-jejunal  flexure,  the  average  ascent  of  the  fourth 
part  of  the  duodenum  is  7*9  cm. :  the  highest  point  of  the 
duodeno-jejunal  flexure  being  situated  in  the  plane  of  E.F.  ; 
and,  taking  the  middle  point  of  the  convexity  of  the  flexure,  at 
a  distance  of  2 "8  cm.  to  the  left  of  the  middle  line. 

Summary. — Summarising  the  foregoing  statement  in  general 
terms  of  inches,  it  may  be  said  that  the  duodenum  commences 
1  inch  to  the  right  of  the  middle  line  intersected  by  E.F,, 
and  passes  upwards,  outwards,  and  backwards,  to  a  point  about 
three-quarters  of  an  inch  higher  and  further  to  the  right,  where  it 


ABDOMINAL    VISCERA   IN   MAN.  171 

bends  downwards,  passing  just  under  cover  of  the  back  part  of  the 
eighth  costal  cartilage,  and  reaches  its  extreme  right  1  inch 
below  E.F.,  nearly  3  inches  from  the  middle  line.  It  continues 
downwards,  passing  slightly  inwards  to  within  half  an  inch  of  the 
highest  part  of  the  iliac  crest  in  the  right  lateral  line  ;  then, 
turning  inwards,  it  crosses  the  middle  line  1  inch  above  the 
umbilicus  and  rather  over  3  inches  below  E.F.  Its  terminal 
part,  the  highest  point  of  the  duodeno-jejunal  flexure,  is 
situated  in  the  plane  of  E.F.  about  1  inch  to  the  left  of  the 
middle  line. 

Reference  to  fig.  3  b  (Part  I.)  shows  that,  if  a  parallelogram 
be  constructed,  having  as  its  sides  the  middle  line,  E.F.,  the  right 
lateral  line,  and  a  line  drawn  transversely  half-way  between 
E.F.  and  CD.,  the  superior,  external,  and  inferior  sides  of  the 
parallelogram  practically  bisect  the  first,  second,  and  third 
parts  of  the  duodenum  respectively,  the  fourth  part  inclining  to 
the  left  of  the  internal  side  of  the  parallelogram. 

II.  Relations  of  the  Duodenum  to  Adjoining  Viscera. 

Birmingham  (6)  in  his  paper  emphasises  the  point  that  in 
his  cast  of  the  duodenum  it  passes  to  a  considerable  extent 
on  a  sagittal  plane.  Very  many  of  tliese  cases  illustrate  the 
same  point.  So  that,  when  it  is  said  that  the  highest  point 
of  the  first  part  of  the  duodenum  is  situated  only  2  cm. 
further  outwards  than  the  pylorus,  it  does  not  indicate  neces- 
sarily that  the  first  part  of  the  duodenum  is  only  2  cm.  long, 
for  in  many  cases  this  part  of  the  bowel  passes  almost  directly 
backwards. 

First  Part. — Concerning  the  first  part  of  the  duodenum,  it  is 
particularly  to  be  noticed  that  in  most  cases  it  lies  almost 
wholly  in  a  groove  on  the  upper  and  anterior  aspect  of  the 
head  of  the  pancreas — the  aspect  of  the  groove  varying,  of 
course,  with  the  direction  of  this  part  of  the  duodenum. 

Second  Part. — The  second  part  of  the  duodenum  lies  in  a  deep 
groove  along  the  outer  or  right  border  of  the  head  of  the  pan- 
creas. The  lips  of  the  groove  frequently  extend  half-way  across 
the  second  part  of  the  duodenum,  the  posterior  one  being  com- 
monly the  larger.     Cases  20,  25,  and  30   presented    the   ex- 
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treme  examples  of  this  condition,  although  in  no  case  was  the 
pancreas  sufficiently  voluminous  to  encircle  this  second  part 
of  the  duodenum,  as  in  the  case  described  by  Symington  (12). 
The  second  part  of  the  duodenum  is  not  in  immediate  contact 
with  the  inferior  vena  cava,  save  perhaps  at  the  outer  border 
of  the  vessel,  the  relationship  being  determined  by  the  extent 
of  the  head  of  the  pancreas  to  the  right,  behind  the  duodenum. 
Usually  at  the  bend  between  the  first  and  second  parts,  the 
duodenum  overlies  the  lower  angle  of  the  right  supra-renal 
capsule. 

The  relation  of  the  second  part  of  the  duodenum  to  the  right 
kidney  agreed,  in  the  average,  with  the  general  descriptions,  and 
does  not  call  for  comment.  An  important  point  in  connection 
with  the  relative  levels  of  these  parts  will  be  reserved  for  the 
next  section. 

In  a  sagittal  plane  through  the  highest  point  of  the  first 
part  of  the  duodenum,  the  lower  border  of  the  liver  overlapped 
the  duodenum  for  3*5  cm. ;  completely  covering,  as  a  rule,  the 
lumen  of  this  part  of  the  bowel. 

Gail-Bladder. — The  tip  of  the  gall-bladder  was  situated 
375  cm.  below  E.F.,  and  the  central  point  of  the  summit  of 
the  gall-bladder  was  situated  just  outside  the  right  lateral 
line — (6-5  cm.  from  the  middle  line).  Its  projection  on  the 
front,  therefore,  would  be  in  the  right  lateral  line  directly  in 
front  of  and  nearly  half-way  down  the  second  part  of  the 
duodenum.  The  lower  part  of  the  gall-bladder,  however,  was 
usually  lifted  off  from  the  front  of  the  duodenum  by  the  trans- 
verse colon,  which  passed  across  the  second  part  of  the  duo- 
denum in  the  right  lateral  line  with  its  upper  border  2-25  cm. 
below  E.F.  The  portion  of  the  gall-bladder  that,  in  the  average, 
directly  overlay  the  duodenum  was  in  the  plane  of  E.F.  about 
the  right  lateral  line. 

Iliac  Crest. — The  nearness  of  the  lowest  point  of  the  duo- 
denum to  the  highest  point  of  the  iliac  crest  has  been  pointed 
out.  When  that  bone  can  conveniently  be  felt,  it  constitutes 
a  useful  guide  to  the  lowest  point  of  the  duodenum. 

Third  Part. — The  position  of  the  lower  border  of  the  duo- 
denum in  the  middle  line  as  1  inch  above  the  umbilicus  would 
seem  a  useful  guide  from  the  obviousness  of  the  umbilicus,  but 
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a  glanee  at  Plates  XXIII.,  XXIV.,  and  Table  III.  (Appendix) 
shows  that  on  account  of  the  variability  of  both  these  points, 
this  average  is  very  frequently  of  little  value.  The  third  part 
of  the  duodenum  lies  in  a  groove  on  the  inferior  aspect  of  the 
pancreas,  but  the  groove  is  not  often  so  well  marked  or  so  deep 
as  that  lodging  the  second  part.  Further  remarks  on  this 
part  of  the  duodenum  are  postponed  to  the  next  section ;  and, 
until  that  section  is  reached,  there  is  nothing  to  add  to  the 
current  description  of  the  fourth  part  of  the  duodenum. 

III.  Variations  in  the  Position  of  the  Duodenum. 

The  changes  in  the  position  of  the  pylorus  and  the  conditions 
leading  thereto  have  been  already  described. 

Alteration  in  Level. — In  regard  to  the  hirjliest  2^oint  of  the 
duodenum,  this  being  as  a  rule  the  spot  where  the  first  part 
begins  to  bend  down  to  the  second  part,  the  general  alterations 
in  level  may  first  be  summarised. 

There  were  4  cases  in  which  this  point  was  on  the  level  of 
E.F.  ;  in  31  cases  it  was  above  that  plane,  and  in  5  cases  below 
it.  The  average  was  1"8  cm.  above.  There  were  25  cases,  or 
62-5  per  cent.,  in  which  the  level  was  from  E.F.  up  to  3  cm. 
above,  inclusive.  There  were  5  cases  situated  more  than  3  cm., 
but  not  more  than  4  cm.,  above  E.F.  Higher  than  this  there 
were  5  cases,  Xos.  25  and  40,  at  4-5  cm..  No.  37  at  5-75  cm.. 
No.  5  at  6  cm.,  and  No.  31  at  6*5  cm. 

Group  1. — The  position  of  the  first  part  of  the  duodenum 
varies  in  general  with  the  position  and  direction  of  the  pylorus, 
though  not  always,  as  cases  21,  32,  34,  and  38  show  (compare 
Plates  XLIII.  and  XLIV.  with  XXIII.  and  XXIV.).  In  these 
4  cases  the  stomach  was  distended  and  low  down,  but  the  liver 
was  as  high  as,  or  even  higher  than  usual,  and  the  first  part  of 
the  duodenum  was  at  its  normal  level.  In  case  34  the  upper 
border  of  the  liver  was  higher  than  usual,  although  the  lower 
border — the  liver  being  a  very  large  one — extended  somewhat 
lower  down  than  the  average. 

Group  2. — The  cases  of  high  level  of  the  duodenum,  namely, 
those  more  than  4  cm.  above  E.F. — cases  25,  40,  37,  5,  and  31 — 
were  those  in  which  the  stomach  occupied  a  high  level,  being 
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pushed  up,  as  already  described,  by  distended  intestine — chiefly 
the  colon. 

Group  3.— The  five  cases  in  which  the  highest  point  of  the 
duodenum  was  situated  helow  the  level  of  E.F.,— namely,  respec- 
tively, No.  30,  1  cm.;  No.  36,  2  cm.;  No.  7,  2-5  cm.;  No.  15, 
4  cm.,  and  No.  2,  4-5  cm., — were  all  cases  in  which  the  stomach 
was  distended  (least  so  in  No.  30)  and  was  lowly  situated; 
this  being  accompanied  by  a  low  position  of  the  liver. 

Conclusion. — Combining  these  three  groups  of  cases  it  becomes 
clear  that  lowering,  or  increase  in  size  downwards,  of  the  liver 
is  the  chief  determining  agent  in  depressing  the  first  part  of  the 
duodenum,  as  it  is  that  of  the  pylorus  ;  and  that  distension  of  the 
stomach  alone  is  not  sufficient  to  produce  that  effect.  Further, 
it  appears  that  the  causes  that  push  up  the  liver  and  stomach 
also  push  up  the  first  part  of  the  duodenum.  (The  significance 
of  the  firm  attachment  of  the  beginning  of  the  duodenum  to 
the  liver  has  been  previously  pointed  out.) 

Gysto-colic  Fold. — Sometimes  the  peritoneum  is  prolonged 
further  to  the  right  than  the  usual  position  of  the  right  border 
of  the  lesser  omentum,  and  extends  from  the  transverse  fissure 
of  the  liver  along  the  under  surface  of  the  gall-bladder, 
superiorly,  along  the  upper  border  of  the  first  part  of  the 
duodenum,  inferiorly,  to  the  hepatic  flexure  of  the  colon, 
and  form.s,  at  this  place,  a  fold  stretching  from  the  gall- 
bladder to  the  colon,  presenting  a  free  border  directed  more 
or  less  to  the  right.  This  fold,  representing  a  right  prolonga- 
tion of  the  lesser  omentum,  was  present  in  12  cases,  and  is 
considered  in  the  section  on  the  peritoneum. 

The  Duodenum  and  the  Bight  Kidney. — In  connection  with 
the  level  of  the  duodenum,  reference  may  be  made  to  a  remark 
of  Prof.  Cunningham's  (13)  in  his  Practical  Anatomy.  He 
says,  speaking  of  the  relative  levels  of  the  duodenum  and  right 
kidney,  that  "  the  duodenum,  moulded  as  it  is  on  the  front  of 
the  vertebral  column  and  around  the  head  of  the  pancreas,  is 
not  subject  to  much  variation  in  position.  The  differences  seen 
in  the  figures  are  probably  due  to  variations  in  the  positions 
of  the  kidney."  The  cases  in  this  series  do  not  quite  support 
this  statement.     The  duodenum  is  subject  to  very  considerable 
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movements  in  position  in  regard  to  the  vertebral  column.  In 
fact,  between  cases  5  and  7  of  this  series  the  movement  of  the 
upper  border  of  the  first  part  of  the  duodenum  about  the  disc 
between  the  first  and  second  lumbar  vertebrae  was  9 "5  cm.,  or 
nearly  4  inches — viz.,  from  5 '5  cm.  above  in  case  5  to  4  cm. 
below  in  case  7,  the  upper  border  of  the  right  kidney  falling 
in  the  same  cases  from  6  cm.  above  in  case  5  to  1  cm.  above 
in  case  7.  The  variations  in  relation  to  E.F.  are  shown  on  the 
Plates  (XXIII.,  XXIV.).  In  fig.  8  they  are  set  out  in  detail 
on  two  curves.  In  the  upper  one,  A,  the  highest  point  of  the 
duodenum,  the  upper  pole  of  the  right  kidney,  and  the  upper 
border  of  the  pancreas  in  the  middle  line  are  represented  in 
relation  to  E.F.  The  upper  border  of  the  pancreas  is  perhaps 
the  most  generally  stable  point,  but  it  presents  oscillations 
from  2  cm.  below  E.F.  to  7  cm.  above.  On  curve  B.  the 
highest  point  of  the  duodenum  and  the  upper  pole  of  the  right 
kidney  are  represented  about  the  disc  between  the  first  and 
second  lumbar  vertebrae,  and  the  duodenum  is  clearly  seen  to 
be  quite  as  variable  in  its  level  in  relation  to  the  vertebral 
column  as  the  upper  pole  of  the  right  kidney  is,  if  not  more  so. 

We  are  not  concerned  in  this  place  with  the  causes  producing 
alterations  in  the  level  of  the  right  kidney,  but  it  can  be  said 
that  as  far  as  these  cases  go  they  do  not  enable  one  to  say  that 
in  any  one  case,  when  the  relative  levels  of  the  duodenum  and 
the  right  kidney  are  unusual,  that  the  difference  is  produced  by 
an  alteration  in  the  position  of  the  kidney — or  even  chiefly  so. 
If  the  liver  be  enlarged,  and  lower  than  usual,  it  is  most  likely 
the  duodenum  that  is  displaced  downwards ;  and  if  the  liver 
and  stomach  are  high  up, — pushed  up  by  distended  intestines, — it 
is  very  possibly  the  duodenum  that  is  pushed  upwards. 

Lateral  Variations. — The  average  of  the  distance  of  the 
highest  point  of  the  duodenum  from  the  middle  line  was  4  cm. 
There  were  25  cases,  or  62-5  per  cent.,  ranging  from  3  to  5  cm. 
from  the  middle  line,  inclusive.  There  were  8  cases  more  than 
5  cm.  to  the  right — viz.,  case  20,  5-5  cm.,  and  cases  5,  21,  32,  35, 
38,  4,  and  10  varying  from  6  up  to  7  cm.  In  all  these  cases 
there  was  a  full  or  a  distended  stomach  extending  far  over  to 
the  right. 

The  cases  in  which  the  highest  point  of  the  duodenum  was 
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either  on  the  middle  line,  or  as  little  as  1  cm.  to  the  right  of 
it,  were  Nos.  3,  15,  22,  24,  and  13 ;  and  in  all  these  cases, 
except  the  first  (in  which,  as  already  noticed,  there  was  a 
small  empty  stomach  well  over  to  the  left),  there  was  a  large 
or  lowly  placed  liver  extending  far  across  the  middle  line  to 
the  left. 

The  conditions  associated  with  lateral  displacements  of  the 
first  part  of  the  duodenum  practically  rim  parallel  with  those 
which  have  been  already  noticed  as  associated  with  lateral 
displacements  of  the  pylorus. 

Right  Point — The  average  gr-eatest  extent  of  the  duodenum  to 
the  right  of  the  middle  line  was  7  cm.,  and,  taking  1-5  cm.  each 
way  from  the  average,  there  were  36  cases  varying  from  5'5  cm. 
to  8-5  cm.  to  the  right  of  the  middle  line  inclusive.  Cases  10 
and  11  each  extended  10*5  cm.  to  the  right,  and  in  both  cases 
the  stomach  was  well  over  to  the  right  and  the  liver  was  highly 
situated.  The  ascending  colon  in  one  case  was  empty  and  in 
the  other  distended.  In  cases  15  and  24  the  outer  border  of 
the  duodenum  came  nearest  to  the  middle  line ;  being  only 
2*5  cm.  and  3*5  cm.  away  in  the  two  cases,  respectively  ;  the 
duodenum  being  bodily  pushed  towards  the  left  by  the  large 
liver. 

The  point  nearest  to  E.F.  at  which  the  duodenum  first 
attained  its  extreme  right  (right  point)  averaged  2*5  cm.  below 
E.F.  In  9  cases  it  corresponded  with  E.F. ;  in  2  cases  it  was 
above,  and  in  29  cases  below  that  line. 

The  Duodenum  and  the  Ousted  Arch. — Definite  figures  of  the 
relation  of  the  duodenum  to  the  costal  arch  can  hardly  be  stated 
as  an  average.  The  relation  was  noted  in  the  following  way 
(see  Table  III.,  Appendix).  If  the  duodenum  at  any  part 
extended  beneath  the  costal  arch,  the  part  where  it  extended 
most  beneath  the  arch  was  taken,  and  the  cartilage  on  the  same 
horizontal  plane  which  formed  the  costal  margin  was  noted. 
For  instance,  if  the  duodenum  extended  3  cm.  beneath  the  ninth 
costal  cartilage,  it  would  be  written  "  +3  (9th)  "  ;  if  the  point  of 
the  duodenum  nearest  to  the  costal  arch  was  3  cm.  away  from, 
say,  the  ninth  costal  cartilage,  it  would  be  written  "  —  3  (9th)." 
The  results  were  these  : — The  duodenum  was  on  the  margin  of 
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or  extended  beneath  the  costal  arch  in  26  cases,  or  65  per  cent. 
These  were : — 

1  case  at  the  margin  of  the  ninth  costal  cartilage. 

5    cases   extending   beneath    the   ninth   costal   cartilage   with   an 

aggregate  of  the  distances  of  7'0  cm.  beneath. 
20  cases  extending   beneath  the  eighth  costal   cartilage  with  an 

aggregate  of  the  distances  of  30  "5  cm.  beneath. 

In  14  cases  the  duodenum  did  not  reach  the  costal  arch, 
namely : — 

In  11  cases  it  reached  nearest  the  ninth  costal  cartilage,  the 
aggregate  of  the  distances  away  from  it  being  24"5  cm. 

In  3  cases  it  reached  nearest  the  eighth  costal  cartilage,  the 
aggregate  of  the  distances  away  from  it  being  4-25  cm. 

These  give  17  cases  as  regards  the  ninth  costal  cartilage  and 
23  cases  for  the  eighth.  Subtracting  the  +  from  the  —  in  the 
former  17  cases,  the  duodenum  had  an  aggregate  distance  in 
them  of  17  cm.  away  from  the  costal  margin  as  formed  by  the 
ninth  costal  cartilage,  or  an  average  of  1  cm.  in  each  case. 

Subtracting  the  —  from  the  +  in  the  cases  of  the  eighth  costal 
cartilage,  the  duodenum  had  in  the  23  cases  an  aggregate 
distance  beneath  the  costal  arch  of  26'25  cm.,  or  rather  more 
than  1  cm.  in  each  case. 

So  that  in  the  cases  in  which  the  duodenum  did  not  reach 
beneath  the  costal  arch  it  averaged  1  cm.  away  from  it 
opposite  the  ninth  costal  cartilage ;  and  where  it  extended 
beneath  the  arch  it  had  an  average  distance  of  rather  more 
than  1  cm.  beneath  it  opposite  the  eighth  costal  cartilage,  giving 
a  final  result  that  in  the  average  the  duodenum  was  '25  cm. 
beneath  the  costal  arch,  opposite  the  eighth  costal  cartilage. 

Lowest  Part  of  the  Duodenum. — The  lowest  point  of  the 
duodenum  averaged  87  cm.  belowj  E.F. :  25  of  the  cases  being 
from  7  cm.  to  10  cm.  below  E.F.,  inclusive.  The  lowest  cases 
were  No.  39  (11  cm.).  No.  15  (11-25  cm.),  Nos.  7  and  13 
(11-5  cm.),  and  No.  2  (12-5  cm.).  These  cases  again  are,  speak- 
ing generally,  those  in  which  there  was  a  low  position  of  the 
stomach  and  liver. 

These  cases  in  which  the  duodenum  extended  the  shortest 
distance  below  E.F.  were  case  5,  3  cm.  below,  and  case  4,  4-75 
cm.  below      They  were  clearly  cases  in  which  the  duodenum, 
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along  with  the  stomach,  had  been  pushed  upwards  by  distended 
intestines. 

The  lowest  portion  of  the  duodenum  is  the  least  firmly 
supported  of  any  part  of  that  viscus,  and  might  most  easily 
bulge  downwards  without  any  general  displacement  of  the 
duodenum  as  a  whole.  As  regards  the  iliac  crest :  In  5  cases 
the  duodenum  was  at  the  level  of  the  highest  part  of  the  crest ; 
in  11  cases  it  was  below,  and  in  24  cases  above  that  part.  The 
general  position  of  the  duodenum  in  regard  to  the  iliac  crest, 
with  an  average  of  "72  cm.  above  the  highest  point,  is  somewhat 
lower  than  the  impression  which,  it  seems  to  me,  is  generally 
given  by  the  text-books. 

The  Duodenum  in  the  Middle  Line. — The  duodenum  in  the 
middle  line  is  somewhat  readily  distended,  although  less  so 
than  the  part  situated  above  the  iliac  crest,  and  its  position  is 
subject  to  the  various  displacing  forces  which  have  already 
been  mentioned  in  connection  with  other  parts  of  the 
duodenum.  Its  position  in  regard  to  the  umhilicus  may  be 
summarised :  The  lower  border  averaged  2'3  cm.  above  the 
umbilicus.  In  20  of  the  cases  the  variation  was  between 
1  cm.  and  3'5  cm.  above,  inclusive.  In  9  other  cases  it  was 
from  4  cm.  to  5  cm.  above,  inclusive.  Two  cases  were  higher 
than  this,  viz. :  cases  4  and  5  (those  with  the  high  stomach). 
In  2  cases  it  was  on  the  same  level  as  the  umbilicus,  whilst 
in  7  cases  it  was  below  the  umbilicus,  only  2  of  them,  cases 
13  (2-25  cm.)  and  39  (4  cm.),  being  more  than  1  cm.  below. 
The  displacement  of  the  parts  in  these  two  cases  has  been 
already  fully  considered. 


The  Duodeno-Jejunal  Flexure. 

The  duodenum  is  held  up  beneath  the  inferior  surface  of  the 
pancreas  by  the  fibrous  tissue  surrounding  the  mesenteric 
vessels  and  coming  down  from  the  diaphragm  on  to,  and  over, 
the  duodeno-jejunal  flexure,  representing  Treitz'  Suspensory 
Muscle.  Lockwood  (14),  in  his  work  on  hernia,  takes  the 
upper  border  of  the  duodeno-jejunal  flexure  as  representing  the 
upper  border  of  the  mesentery.     Firmly  attached  beneath  the 
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inferior  surface  of  the  pancreas,  and  usually  overlapped  some- 
what by  its  commencing  anterior  border,  the  flexure  follows 
that  gland  in  its  variations  in  level.  This  overlapping  part  of 
the  pancreas,  situated  on  the  vertebral  column  just  to  the  left 
of  the  middle  line,  is  the  least  movable  part  of  the  gland ; 
the  tail  being  more  freely  moved  by  the  stomach,  and  the  head 
of  the  pancreas,  with  the  contiguous  duodenum,  being  more 
directly  exposed  to  the  displacing  force  of  an  enlarged  liver. 

There  were  6  cases  in  which  the  upper  border  of  the 
duodeno-jejunal  flexure  was  in  the  plane  of  E.F. ;  16  cases  in 
which  it  was  not  more  than  2  cm.  above  E.F. ;  and  8  cases  in 
which  it  was  not  more  than  2  cm.  below ;  making  in  all 
30  cases,  or  75  per  cent,  of  the  total  cases  in  ^vhich  the  upper 
harder  of  the  duodeno-jejunal  flexure  was  not  situated  more  than 
2  cm.  away  from  E.F.  one  way  or  the  other.  More  than  2  cm. 
above  E.F.  there  were  3  cases,  No.  31  (3"o  cm.),  Nos.  5  and  6 
(4  cm.).  These  were  all  cases  in  which  the  stomach  was  highly 
situated,  mostly  pushed  up  by  distended  intestines.  Three 
of  the  cases  in  which  it  was  more  than  2  cm.  below  E.F.  were 
not  more  than  2'5  cm.  below.  The  lowest  cases  were  No.  39 
(3  cm.),  Nos.  15  and  7  (4  cm.),  and  No.  2  (6  cm.)  below  E.F. 
These  were  all  cases  with  a  low,  distended  stomach,  and  with 
a  low  position  of  the  liver  (least  marked  in  case  39). 

It  will  be  seen,  however,  that  in  some  other  cases  (especially 
in  Nos.  24,  34,  and  38),  in  which  the  stomach  was  low  down 
and  more  or  less  distended,  the  duodeno-jejunal  flexure  was  not 
lower  than  usual.  If  the  plates  of  these  cases  be  looked  at, 
they  will  show  that  the  liver,  though  low  down,  did  not  directly 
press  on  this  part  of  the  duodenum. 

The  duodeno-jejunal  flexure  may  be  fairly  said  to  be  the 
most  stable  of  the  duodenum.  Its  position  variations  again 
indicate,  as  in  the  case  of  the  pylorus  and  the  first  part 
of  the  duodenum,  that  a  distended  stomach,  in  the  absence  of 
an  enlarged  or  downwardly  displaced  liver,  is  not  sufficient  to 
cause  its  material  downward  displacement. 
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IV.  Shape  of  the  Duodenum. 

The  direction  of  the  first  part  of  the  duodenum  varies  chiefly 
with  the  position  of  the  pylorus.  In  case  16,  in  which  it  was 
horizontal,  the  pylorus  was  pulled  across  the  middle  line  by 
the  stomach  displaced  to  the  left  by  the  liver. 

The  first  part  of  the  duodenum  passed  almost  directly  back- 
wards in  cases  2,  4,  8,  15,  18,  20,  21,  25,  27,  29,  32,  34, 
and  38. 

The  first  and  fourth  parts  of  the  duodenum  are  those  most 
subject  to  variation.  The  first  from  displacements  ;  the  fourth 
from  abnormalities,  connected  chiefly  with  its  special  position 
in  regard  to  the  development  of  the  peritoneal  folds  in  its 
neighbourhood. 

The  general  shape  of  the  duodenum  accorded  with  the  usual 
descriptions.  No  attempt  has  been  made  to  classify  it  under, 
for  instance,  V-shaped  or  U-shaped  varieties. 

The  following  cibnormal  duodena  call  for  special  attention : — 
In  case  7  (see  fig.  9)  the  duodenum  was  pushed  down  and  to 
the  left  by  a  displaced  liver ;  the  lower  left  portion  of  the  head 
of  the  pancreas  (corresponding  to  the  part  that  is  sometimes 
spoken  of  as  the  lesser  pancreas)  extended  across  the  front  of  the 
fourth  part  of  the  duodenum  towards  the  left  into  the  root  of 
the  mesentery  for  3  cm.  beyond  the  duodenum.     The  mesen- 
teric vessels  emerged  from  beneath  the  body  of  the  pancreas  as 
usual  and  passed  in  front  of  this  extended  piece  of  the  pancreas 
into  the  mesentery.     The  third  or  transverse  part  of  the  duo- 
denum was  very  reduced  in   length,  the  fourth,  or  ascending 
part,  being  situated  on  the  right  side  of  the  vertebral  column. 
It  is  difficult  to  believe  that  the  condition  had  been  produced 
by  displacement  of  the  pancreas  over  the  duodenum  by  the 
descent  of  the  liver.     It  is  more  likely  that  it  represents  a 
duodenum   of   a  simple  bend  like  that  of  the  bonnet  monkey 
(Treves,  15),  with  the  pancreas  in  an  approach  to  the  normal 
position  in  man. 

In  case  S  the  first  part  of  the  jejunum  had  a  sharp  bend 
downwards  lying  in  a  groove  between  a  mesocolic  fold,  ex- 
ternally, and  the  fourth  part  of  the  duodenum  internally. 
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The  following  four  cases  represent  an  abnormality  in  which, 
after  the  usual  position  of  the  duodeno-jejunal  flexure  was 
reached,  there  was  an  additional  bend  to  the  right  towards, 
or  across,  the  middle  line.  In  cases  5  (fig.  9)  and  32  this  addi- 
tional part  was  directed  to  the  right  transversely,  along  the 
anterior  border  of  the  pancreas ;  in  cases  22  and  38  (fig.  9)  it 
was  directed  downwards  and  to  the  right,  lying  more  or  less 
upon  the  fourth  part  of  the  duodenum.  In  all  these  cases,  as 
far  as  the  point  represented  in  the  illustrations,  this  additional 
part  of  the  duodenum  was  firmly  bound  down  by  the  peri- 
toneum. The  cases,  particularly  Nos.  5  and  32,  seem  to  repre- 
sent some  such  condition  as  figured  by  Treves  (15)  as  existing 
in  the  hysena  and  in  the  spider  monkey,  the  meso-duodenum 
having  subsequently  been  entirely  obliterated. 

In  none  of  these  cases,  except  in  No.  38,  was  there  any  duo- 
deno-jejunal pouch,  showing  how  complete  the  obliteration  of 
the  meso-duodenum  had  been.  Moreover,  in  three  cases,  Nos.  5, 
22,  and  32,  it  is  interesting  to  note  what  is  perhaps  further 
evidence  of  dragging  of  the  peritoneum  over  to  the  right,  by  the 
existence  of  a  strong  band  passing  from  the  liver  and  gall- 
bladder to  the  hepatic  flexure  of  the  colon.  The  band  was  most 
marked  in  case  32. 

The  duodenum  in  case  40  had  a  very  remarkable  arrangement 
(fig.  10).  The  first  part,  2  cm.  long,  passed  outwards,  lying  on  the 
pancreas  in  the  usual  manner.  The  second  part  passed  downwards, 
also  somewhat  as  usual,  overlying  the  kidney,  its  outer  border 
being  6'5  cm.,  and  its  inner  border  3  cm.  from  the  middle  line. 
At  its  inner  and  lower  part  it  bulged  inwards  beneath  the 
attachment  of  the  colic  peritoneum  ;  otherwise  it  was  entirely 
behind  the  peritoneum.  The  duodenum  extended  downwards  to 
the  iliac  crest,  and  then  turned  again  directly  upwards  (part  3, 
fig.  10)  beneath  its  second  part,  and  this  third  or  ascending 
portion  bulged  externally  beyond  the  second  or  descending  part. 
The  third  part  continued  upwards  for  7  cm.,  until,  a  little  below 
the  level  of  E.F.,  it  bent  transversely  inwards  as  the  fourth  part 
along  the  plane  of  E.F.,  and  crossed  the  middle  line,  its  lower 
border  being  3  to  3-5  cm.  below  E.F.  This  fourth  part  extended 
for  3'5  cm.  to  the  left  of  the  middle  line  and  then  bent  abruptly 
forwards,  forming  a  fifth  part  which  ran  back  again  transversely 
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to  the  right,  in  front  of  the  fourth  part,  below  the  anterior 
border  of  the  pancreas,  as  far  as  3  cm.  to  the  right  of  the 
middle  line,  where  it  turned  abruptly  forwards  and  became  free 
as  the  jejunum.  The  line  of  the  attachment  of  the  mesentery 
ran  along  the  lower  border  of  the  fifth  part,  and  the  transverse 
meso-colon  was  attached  along  its  upper  border.  There  was  a 
small  pouch  at  the  junction  of  the  fourth  and  fifth  parts ;  the  fold 
doubtless  representing  the  remains  of  the  meso-duodenum  at 
this  part.  At  the  termination  of  the  duodenum  there  were 
two  large  folds,  running  to  the  transverse  meso-colon,  enclosing 
a  pocket  between  them.  The  upper  fold,  which  was  opposite 
the  beginning  of  the  mesentery,  seems  to  represent  an  un- 
obliterated  portion  of  a  meso-duodenum  at  this  place.  The 
lower  fold  was  not  dissected,  but  it  seemed  to  have  been  produced 
secondarily  by  the  downward  loop  of  the  hepatic  flexure 
of  the  colon. 

If  the  figs.  9  and  10  be  considered,  and  the  duodena  from 
cases  5  and  7  be  compared  with  that  from  case  40,  they 
suggest  that  the  condition  in  case  40  embodies  the  two  condi- 
tions presented  by  cases  5  and  7-  If  the  condition  in  case  7 
were  exaggerated  so  that  the  third  or  ascending  part  of  the 
duodenum  were  displaced  more  to  the  right  and  came  to  lie 
behind  the  second  or  descending  portion,  and  if  at  the  end  of  the 
duodenum  the  additional  fifth  jejunal  part  passing  to  the 
right — such  as  case  5  possesses — were  added  on,  a  state  of 
affairs  like  that  existing  in  case  40  would  be  produced. 

The  relations  of  the  pancreas  to  the  duodenum  in  case  40  are 
sufficiently  displayed  on  fig.  10. 


The  Duodenal  Pouches. 

The  minute  observation  and  record  of  the  various  duodeno- 
jejunal fossae  did  not  form  a  part  of  this  research  ;  and  no  attempt 
was  made  to  arrange  them  under  any  special  classification,  such 
as  M.  Jonnesco's,  and  certainly  not  under  the  very  complex  and 
somewhat  bewildering  classifications  occasionally  met  with. 

The  Inferior  Duodenal  Pouch,  that  is  a  pouch  with  the 
opening  directed  upwards,  more  or  less  at  the  side  of  the  fourth 
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part  of  the  duodenum,  was  only  recorded  in  10  cases.  Import- 
ance should  not  be  attached  to  this  small  number,  as  it  is  only 
very  likely  that,  with  the  numerous  and  very  tedious  measure- 
ments, small  pouches  were  overlooked.  Those  in  which  it  was 
of  any  size  or  importance  were  certainly  recorded  and  drawn. 
Of  the  10  cases  noted  only  8  were  drawn.  In  cases  14  and  38 
the  pouch  was  5  cm.  and  4-5  cm.  deep  respectively.  It  was 
low  down  in  case  29.  Case  25  presented  a  considerable  fold 
with  a  shallow  fossa ;  whilst  case  26  presented,  perhaps,  the 
most  typical  example  of  the  pouch.  Cases  24,  2,  and  19  pre- 
sented superior  duodenal  pouches.  In  case  24  a  fold  with  its 
concavity  downwards  passed  from  the  lower  end  of  the  left 
kidney  to  the  outer  side  of  the  fourth  of  the  duodenum :  the 
pouch  was  sharply  defined,  and  was  2  cm.  deep.  In  2  and  19 
the  mouth  of  a  ponch  is  indicated  as  passing  upward  to  the 
right  beneath  the  fourth  of  the  duodenum. 

In  case  26  a  fold,  situated  below  the  typical  inferior  duodenal 
pouch  mentioned  above,  passed  from  the  beginning  of  the  fourth 
part  of  the  duodenum  on  to  the  peritoneum  over  the  vertebrae 
to  the  left,  bounding  a  small  pouch  directed  upwards  partly 
behind  the  duodenum. 

The  accessory  fold  shown  in  case  38  (fig.  9)  which  passed 
from  the  summit  of  the  duodeno-jejunal  flexure  was  evidently  a 
secondary  one,  and  was  apparently  produced  by  the  dragging  of 
this  part  of  the  intestine  upon  the  lower  layer  of  the  transverse 
mesocolon.     It  was  not  dissected. 

A  meso-colic  fold,  containing  a  branch  of  the  inferior  mesen- 
teric artery,  was  well  marked  in  case  8. 


The  Small  Intestines. 

The  investigation  of  the  general  or  relative  position  of  the 
various  coils  of  the  small  intestines  is,  and  must  remain,  a 
matter  of  much  difficulty.  Although  it  may  not  be  difficult  in 
the  infant,  in  a  good  proportion  of  cases,  to  point  to  some 
general  arrangement  of  the  intestinal  convolutions,  yet,  with 
the  changes  in  diet,  the  increase  in  length  of  the  intestines,  and 
the  manifold  displacing  influences  to  which  they  are  exposed  in 
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the  adult,  it  is  not  easy  to  consider  that  the  arrangement  in  the 
infant,  if  shown  to  be  fairly  regular,  establishes  anything  but  a 
probability  as  to  the  nature  of  the  arrangement  likely  to  be 
met  with  in  the  adult. 

According  to  the  recent  observations  of  Mall  (19),  particularly 
in  the  dog,  it  would  seem  that  even  after  disturbance,  shaking, 
or  even  manipulation,  the  intestines  do  fall  back  again  into 
their  previous  general  position,  and  seem  to  preserve  in  an 
individual  a  certain  uniformity  in  the  plan  of  their  arrange- 
ment. 

Treves  (15)  in  his  lectures  contents  himself  with  a  very 
general  statement  as  to  the  arrangements  of  the  various  coils  in 
the  adult. 

More  recently,  however,  Henke  (16),  Sernoff  (8),  Weinburg 
(7),  and  Mall  (19),  through  various  hardening  methods  have 
obtained,  by  means  of  casts  of  the  back  of  the  hardened  anterior 
abdominal  wall,  by  photographs,  drawings,  and  other  methods, 
accurate  representations  of  the  positions  of  the  various  in- 
testinal coils,  both  superficial  and  deep. 

It  will  be  well  in  this  place  to  indicate  some  of  the  chief  of 
their  conclusions. 

Weinburg  considers  the  abdomen  in  four  regions: — (1)  an  upper 
space  under  the  vault  of  the  diaphragm  containing  the  liver  and 
stomach  and  their  adjoining  viscera,  usually  also  the  splenic 
flexure  of  the  colon  and,  it  may  be,  a  part  of  the  transverse 
colon;  (2)  and  (3)  lateral  regions,  lateral  to  the  umbilicus  and 
the  psoas  muscles,  containing  the  parts  of  the  large  intestine 
and  the  kidneys ;  and  (4)  a  region  between  the  psoas  muscles 
behind  the  umbihcus  extending  down  into  the  pelvis.  The 
small  intestines  are  contained  chiefly  in  the  left  lateral  and  the 
central  regions,  and  to  some  extent  as  a  rule  in  the  right  lateral 
region.  They  move  most  freely  in  the  upper  left  lateral  and 
the  central  regions.  Taking  the  general  direction  of  the 
mesentery  from  above  downwards,  from  left  to  right,  the  coils 
in  the  left  upper  region  would  be  jejunal  and  those  in  the  right 
lower  region  chiefly  iliac,  the  division  between  the  two  groups 
being  taken  down  the  left  psoas  muscle.  Henke  found  that  the 
left  upper  group  of  coils  in  the  greater  number  of  cases  were 
arranged  more  or  less  horizontally  from  right  to  left,  and  back 
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again ;  whilst  those  of  the  lower  group  ran  more  or  less  per- 
pendicularly from  above  downwards  and  back  again. 

Speaking  generally,  I  think  this  statement  is  fairly  borne  out. 

Pursuing  this  question  Weinburg  enquires:  first,  whether 
this  general  arrangement  applies  only  to  the  superficial  coils  ; 
and,  second,  if  in  these  two  chief  regions  the  coils  of  the 
intestines  maintain  generally  the  same  position  relative  to  one 
another,  although  they  may  move  bodily. 

Leaving  for  a  moment  Weinburg's  work  and  summarising 
that  of  Sernotf,  who,  working  on  fresh  bodies  and  on  three 
hardened  subjects  of  various  ages,  indicates  the  following 
regularity : — 

(1)  The  intestinal  coils  in  the  upper  abdominal  region 
followed  in  all  the  ascertained  cases  a  more  or  less  horizontal 
direction, 

(2)  The  coils  in  the  regions  to  the  right  and  left  of  the 
vertebral  column  are  generally  vertical. 

(3)  The  convolutions  in  the  pelvic  cavity  have  a  generally 
horizontal,  sagittal  direction. 

(4)  Those  lying  mider  the  abdominal  wall  in  the  middle  are 
quite  irregular. 

Sernoff  found  the  upper  horizontal,  the  left  vertical,  and  a 
part  of  the  central  coils  to  be  jejunum;  the  rest  of  the  middle, 
the  right  vertical,  and  the  pelvic  groups  to  be  ileum. 

Eeturning  to  Weinburg's  work :— He  studied  the  bodies  of 
ten  infants,  and  his  conclusions  must  be  open,  therefore,  to  the 
objections  foreshadowed  at  the  beginning  of  this  section.  The 
upper  part  of  the  small  intestine,  varying  from  one-fifth  to  a  half 
of  the  total  length,  he  found  to  consist  generally  of  deeply  lying, 
more  or  less  horizontal  coils,  lying  in  the  upper  left  region  of  the 
abdomen,  overhung  to  some  extent  by  the  stomach  and  colon. 
In  two  of  the  cases  coils  extended  across  to  the  hepatic  flexure 
of  the  colon  and  back  again.  In  three  cases  the  coils  were  to 
some  extent  superficial.  This  upper  group  passes,  as  a  rule, 
deeply  into  the  next. 

The  next  group  of  coils  lying  to  the  left  of  the  left  psoas 
muscle  comprises,  as  a  rule,  the  middle  portions  of  the  small 
intestine,  and  both  in  its  superficial   and  deep  coils  is  quite 


irregular. 


186  PROFESSOR   CHRISTOPHER   ADDISON. 

To  the  right  of  the  left  psoas,  as  a  rule,  the  remaining  part  of 
the  intestine  presents  a  perpendicular  arrangement,  which  he 
describes  as  most  constant.  He  gives  in  general  to  the  upper 
horizontal  coils  two-fifths  of  the  small  intestine,  to  the  middle 
irregular  coils  one-fifth,  and  to  the  lower  vertical  coils  the  re- 
maining two-fifths.  When  the  intestine  is  cut  away  close  to  its 
mesenteric  attachment  in  the  hardened  preparations,  the 
margin  of  the  mesentery  presents  still  the  corresponding  bends 
of  the  intestinal  loops. 

Mall  (19)  in  his  researches  recorded  the  position  of  the 
intestinal  loops  in  41  hardened  bodies.  He  confirms  the  de- 
scription of  the  arrangement  of  the  intestine  in  that  its  general 
direction  is  diagonally  across  the  abdomen  "  from  the  left 
hypochondriac  space  towards  the  right  iliac  fossa,  usually 
diverging  once,  or  sometimes  twice,  towards  the  right  side  of 
the  abdomen  and  always  towards  its  end,  into  the  cavity  of  the 
pelvis."  He  found  also  that  the  left  upper  jejunal  coils  had 
generally  a  horizontal  direction,  and  the  right  lower  loops, 
especially  the  pelvic,  had  a  perpendicular  arrangement.  In  21 
of  his  specimens  he  found  what  he  describes  as  the  normal 
arrangement,  in  which  "  the  jejunum  first  arranged  itself  into 
two  distinct  groups  of  loops  situated  well  up  in  the  left  hypo- 
chondriac region.  Each  group  made  more  than  a  complete 
circle,  and  both  of  them  came  in  contact  with  the  anterior 
abdominal  wall.  .  .  .  After  this  the  intestine  passes  through  the 
umbilical  region  to  the  right  side  of  the  body.  .  .  .  Then  the  in- 
testine recrosses  the  median  line  to  make  a  few  convolutions 
in  the  left  iliac  fossa,  after  which  it  fills  the  pelvis  and  lower 
abdominal  cavities  between  the  psoas  muscles." 

The  commonest  variation  he  found  was  that  in  which  there 
were  no  coils  on  the  right  side  of  the  peritoneal  cavity.  (This 
agrees  with  what  has  been  found  in  the  specimens  recorded  in 
this  paper.) 

The  next  commonest  variation  consisted  in  some  of  the  upper 
left  jejunal  coils  passing  over  to  the  right  whilst  the  next  part 
of  the  intestine — usually  situated  on  the  right  side — was  dis- 
placed to  the  left. 

In  the  diagrams  of  the  40  adult  subjects  examined  in  this 
research,  the  drawing  of   the  small  intestinal  line  was   often 
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quite  cursory,  and  on  going  through  the  diagrams  I  find  that 
very"  many  of  the  lines  have  become  indistinct  and  others  are 
incomplete.  Of  the  whole  series  only  18  remained  sufficiently 
good. 

The  lines  broadly  represent  the  direction  of  the  chief  coils, 
and  that  is  all.  Most  of  them  show  the  upper  jejunal  coils 
as  having  chiefly  a  horizontal  direction,  and  in  many  of  them 
the  vertical  direction  of  the  lower  coils  is  brought  out.  Much 
more  than  this  cannot  fairly  be  said  about  them. 

The  horizontal  direction  of  the  upper  coils,  from  side  to 
side,  is  shown  in  cases  12,  13,  17,  20,  29,  30,  34,  and  35,  and, 
in  considerable  measure,  in  cases  8,  16,  18,  and  31,  as  well  as 
in  case  2,  though  in  this  case  the  coils  were  much  displaced 
downwards  and  to  the  left  by  the  liver.  Thus  it  may  be  fairly 
said  that  in  60  per  cent,  of  the  cases  the  general  direction  of 
about  the  upper  third  of  the  small  intestine  was  horizontal. 
The  perpendicular  arrangement  of  the  lower  coils  is  shown  in 
cases  13,  14,  16,  17,  20,  28,  30,  31,  and  37,  or  50  per  cent.;  in 
some  measure  also  in  cases  2,  8,  34,  35,  and  23. 

One  point  in  connection  with  teaching  may  be  mentioned. 
I  find  that  most  students  with  a  little  practice  are  able  to 
tell  clearly  which  is  the  upper  end  of  an  intestinal  loop, 
according  to  the  direction  of  its  mesentery.  They  are  taught 
to  grasp  it  between  the  fingers  and  thumb  of  the  left  hand, 
to  pass  them  down  on  its  mesentery  to  the  vertebral  column, 
the  fingers  being  placed  on  the  upper  or  right  aspect  of  the  loop 
according  to  its  direction.  Reaching  the  vertebral  column 
and  determining  either  the  absence  of,  or,  by  tracing  it  with 
the  fingers,  the  presence  of  a  twist  upon  the  mesentery,  the 
upper  end  or  direction  of  the  mesentery  and  attached  bowel 
is  found,  either  the  part  near  the  thumb  or  the  part  near  the 
little  finger,  as  the  case  may  be. 
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Table  VI. 


Average  Position  of  the  various  Peritoneal  Folds. 


The  mesentery. 

The  upper  border  to  the  left  of  jM.]j., 

as  to  E.F.,  . 
As  it  crosses  the  mid-line  as  to  E.F., 
The  lower  border  as  to  A.S.  II.  Sp., 

CD.,   .         . 
,,  ,,  Poupart's  ligament, 

„  „  to  the  right  of  M.L.,      . 


Distance  (centimetres). 
2-8 

corresponds. 
7-2  below. 
2 ■4  above. 
2-6  below. 
8  "5  above. 
4 


1  Peritoneal  reflection  on,   to   the  back    of   the  colon 

(or  caecum)  as  to  A.S.  II.  Sp.,     .         .         .         .2-1  above. 

Peritoneal   reflection   on,  to  the  inner  side  of  large 

intestine  in  the  plane  of  CD.  to  the  right  of  M.L.,  7 

Commencement  of  transverse  meso-colon  ivom.  M.L.,  .  7  5 

as  to  E.F.,    .  6-45  below. 

,,  the  transverse  meso-colon  in  M.L.  ,,  .  3  below. 

Left  extremity  of  transverse  meso-colon  from  M.L.,  .  8-9 

„                   ,,          as  to  E.F.,    .        -5  below. 
Commencement  oi  meso-sigmoid  as  to  CD.,       .         .  I'l         ,, 
„                  „                     „          ihac  crest  (high- 
est part),  ......••  4'6.        ,, 

Commencement  of  meso-sigmoid  from  M.L.,      .         .  6*6 
Lowest  attachment  of         ,,                  ,,               .         .5 

,,  ,,  as  to  A.S.  II.  Sp.,   .       "9  above. 

^Commencement  of  meso-redum  as  to  CD.,       .  .  3'1  below. 

^  This  is  taken  at  the  lowest  point  of  the  reflection  of  the  peritoneum  from  the 
right  iliac  fossa  on  to  the  back  of  the  large  intestine. 

-  By  this  is  meant  the  place  where  the  peritoneum  passes  directly  downwards 
on  the  pelvic  aspect  of  the  sacrum. 

Tabic  IV.,  Appendix,  contains  the  details  of  tlie  various  measurements  of  the 
peritoneum. 


The  Peritoneum. 

(A)  The  Mesentery — Prolapse. — The  displacements  of  the 
duodeno-jejimal  flexure  have  been  considered  in  the  section  on 
the  duodenum.  One  or  tv^o  points  remain.  Taking  the  upper 
border  of  the  flexure  as  the  upper  border  of  the  mesentery,  it 
corresponded  with  E.F.,  and  had  an  average  distance  of  9-5  cm. 
above  the  iliac  crest.     This  agrees  very  well  with  (12)  Lock- 
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wood's  measurements  in  adults  up  to  forty  years  of  age.  He 
gives  the  upper  border  of  the  mesentery  as  from  3  to  4  inches 
above  a  base  line,  drawn  across  the  highest  parts  of  the  iliac 
crests.  He  considers  that  when  the  distance  is  less  than 
3  inches  (say  7  cm.),  the  mesentery  may  be  termed  prolapsed. 
He  associates  prolapse  of  the  mesentery  especially  with  pro- 
lapse of  the  splenic  flexure  of  the  colon. 

It  has  been  already  pointed  out  that  prolapse  of  the  duodeno- 
jejunal flexure  is  associated  especially  with  a  large  or  lowly 
situated  liver  combined  with  a  distended  and  low  stomach,  and 
these  causes  seem  more  direct  than  those — whether  laxity  of  the 
peritoneal  bands,  or  of  the  abdominal  muscles,  or  pressure  from 
above — which  would  more  particularly  favour  prolapse  of  the 
splenic  flexure  of  the  colon. 

In  cases  2,  7,  15,  22,  27,  and  36  the  mesentery  would  be 
called  prolapsed  according  to  Lockwood's  definition.  It  was 
in  all  these  cases  associated  with  a  large  or  low  liver  and  with 
a  distended  stomach.  Of  these  cases  in  Nos.  22,  36,  2,  and  7 
the  splenic  flexure  of  the  colon  was  also  prolapsed.  It  was 
not  prolapsed  in  cases  15  and  27,  although  in  both  cases  the 
transverse  colon  was  very  low  down,  and  in  the  former  case 
the  stomach  and  liver  were  very  much  displaced  down- 
wards. 

Prolapse  of  the  Splenic  Flexure  of  the  Colon. — The  chief  agent 
in  maintaining  the  position  of  the  splenic  flexure  of  the  colon 
is  the  costo-colic  ligament,  and  in  the  preceding  cases  of  pro- 
lapse it  had  evidently  given  way  before  the  stomach  and  liver, 
except  in  case  22,  in  which  the  fold  was  apparently,  primarily, 
very  small,  and  existed  as  a  small  band  stretching  transversely 
from  the  prolapsed  colon  to  the  abdominal  wall. 

In  this  connection  it  may  be  well  to  present  the  other  cases 
in  which  the  splenic  flexure  of  the  colon  was  low  or  prolapsed ; 
viz.,  cases  16,  24,  18,  and  32. 

In  case  16  it  was  clearly  pushed  down  by  the  stomach  and 
liver,  which  extended  far  over  to  the  left,  and  the  same  applies 
to  case  24,  in  which  the  colon  was  further  held  down  by  dis- 
tended small  intestines.  In  case  16  the  mesentery  reached  its 
normal  level.  In  case  24  the  upper  border  of  the  mesentery, 
although  situated  in  the  plane  of  E.F.,  was  little  more  than 
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3  inches  above  the  iliac  crest.  In  both  of  these  cases  the 
transverse  colon  was  prolapsed. 

In  case  18  the  splenic  Hexure  of  the  colon  was  markedly 
prolapsed,  but  the  stomach  and  liver  were  higher  than  usual, 
forced  up  by  distended  small  intestines,  which,  on  the  other 
hand,  beneath  a  long  transverse  meso-colon,  bulged  forwards 
and  displaced  the  transverse  and  splenic  colons  downwards. 
The  upper  border  of  the  mesentery  was  up  to  its  usual  level. 
A  long  attenuated  band  stretched  upwards  from  the  summit 
of  the  splenic  flexure  of  the  colon  to  the  lower  end  of  the 
spleen,  where  it  passed  on  to  the  abdominal  wall.  The  spleen 
was  lifted  up  with  the  stomach. 

In  case  .'-32  there  was  a  complete  descending  meso-colon ;  the 
great  omentum  stretched  from  the  splenic  loop  of  the  trans- 
verse colon  on  to  the  abdominal  wall  and  continued  upwards 
as  bands,  evidently  dragged  upon,  to  the  inner  surface  of  the 
costal  cartilages  at  the  left  border  of  the  distended  stomach. 
In  this  case  the  attachment  of  the  mesentery  passed  down  the 
middle  line  nearly  as  low  as  CD.  before  passing  to  the  right, 
and  the  upper  border  of  the  duodeno-jejunal  flexure  was  just 

3  inches  above  the  iliac  crest. 

There  were,  therefore,  8  cases  presenting  prolapse  of  the 
splenic  flexure  of  the  colon,  in  4  of  which  the  mesentery  also 
was  prolapsed,  and  in  2  others  it  was  lower  down  than  usual. 
There  were  6  cases  presenting  prolapse  of  the  mesentery,  in 

4  of  which  the  splenic  flexure  of  the  colon  was  also  pro- 
lapsed. 

The  cases  seem  to  me  not  so  much  to  show  any  special 
direct  relationship  between  prolapse  of  the  splenic  flexure  of 
the  colon  and  of  the  mesentery,  but  to  indicate  that  the  latter 
is  chiefly  related  to  the  position  of  the  liver  and  stomach,  and 
the  former,  whilst  in  a  measure  dependent  on  the  same  causes, 
has  associated  with  them  the  condition  as  regards  strength  of  the 
costo-colic  hgament. 

The  age  of  the  patients  presenting  prolapse  of  the  mesentery 
or  of  the  splenic  flexure  of  the  colon,  or  both,  was  over  forty  years 
in  all  cases,  except  in  cases  7  and  18,  which  were  thirty-six  and 
thirty-nine  years  of  age  respectively,  and  in  case  27,  thirteen 
years.     In  this  last  case  there  was  a  large  intra-thoracic  growth. 
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The  root  of  the  mesentery  crossed  the  middle  line  •?  higher  than 
the  lower  border  of  the  duodenum — viz.,  7"2  cm.  below  E.F.  In 
all  but  two  of  those  cases  in  which  it  crossed  the  middle  line 
low  down  (ranging  from  14-5  to  10  cm.  below  E.F.),  and  allowed 
the  intestines  in  the  left  abdominal  quarter  a  freer  movement 
<Nos.  38,  39,  13,  15,  40,  2,  16,  and  20),  there  was  a  low  trans- 
verse colon.  In  all  but  three  the  stomach  was  low  down ;  but 
in  only  three  of  them  was  the  attachment  of  the  mesentery 
anything  prolapsed  at  the  upper  end.  The  patients  were  more 
than  forty-five  years  of  age,  except  in  cases  20  and  39. 

The  position  of  the  loioer  border  of  the  mesentery  (where 
the  peritoneum  passes  upwards  from  the  margin  of  the  right 
psoas  muscle  on  to  the  inner  side  of  the  ascending  colon)  was 
4  cm.  from  the  middle  line,  2-4  cm.  above  the  level  of  the  an- 
terior superior  iliac  spine,  and  8-5  cm.  directly  above  Poupart's 
ligament.  This  agrees  very  well  with  Lockwood's  (12)  figures, 
when  our  different  methods  of  measuring  are  remembered,  and 
the  fact  that  these  figures  consider  Poupart's  ligament  as 
stretching  in  a  straight  line  from  the  anterior  superior  iliac  spine 
to  the  spine  of  the  pubes,  which  is  not  quite  the  case. 

Lockwood  considers  the  lower  attachment  of  the  mesentery 
prolapsed  or  dragged  down  when  it  is  less  than  2^  inches,  or 
6-25  cm.,  above  Poupart's  ligament.  In  cases  3  and  4  it  was 
only  6  cm. ;  in  case  27,  5-5  cm. ;  and  in  case  19,  5  cm.  There 
was  no  common  factor  in  these  cases,  except  a  low  position  of 
the  hepatic  loop  downwards  of  the  transverse  colon. 

The  cases  in  which  the  lower  attachment  of  the  mesentery 
was  highest  above  Poupart's  ligament  were  Nos.  10  and  16, 
11  and  12'5  cm.  respectively. 

I  did  not  regularly  measure  the  length  of  the  mesentery,  and 
there  were  no  notes  on  its  length  except  in  special  cases. 

Summarising  the  line  of  the  attachment  of  the  Mesentery  in 
general  terms  of  inches. — It  begins  about  one  inch  to  the  left  of 
the  middle  line  in  the  plane  of  E.F.,  and  passes  downwards  to 
the  right,  crossing  the  middle  line  nearly  3  inches  below  E.F, 
and  rather  more  than  an  inch  above  the  umbilicus.  The  lower 
end  is  attached  over  the  right  psoas  muscle  beside  the  pelvic 
brim  an  inch  above  the  level  of  the  anterior  superior  iliac  spine 
and  about  an  inch  and  a  half  from  the  middle  line ;  in  other 
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words  half-way  between  the  plane  CD.  and  a  plane  through  the 
anterior  superior  iliac  spines  at  a  spot  rather  nearer  the  lateral 
line  than  the  middle  line. 

(B)  The  Peritoneum  at  the  Ileo-Colic  Junction. — The  lovjcr 
end  of  the  Ileum. — The  lower  end  of  the  ileum  occupies  a  fairly 
constant  position  lying  over  the  right  psoas  muscle,  a  little 
below  where  this  muscle  comes  to  form  the  pelvic  brim.  It  is 
nearly  always  directed  upwards  and  outwards,  and  the  mesen- 
tery, where  the  ileum  overlies  the  psoas,  usually  shortens 
somewhat  suddenly,  allowing  that  part  of  the  bowel  only  a 
limited  movement.  Nevertheless  in  most  cases  the  bowel  can 
be  freely  moved  if  dragged  upon.  This  position  of  the  lower 
end  of  the  ileum  is  often  made  firmer  by  a  prominent  peritoneal 
fold  passing  downwards  from  beneath  the  ileum,  near  where  it 
overlies  the  inner  border  of  the  psoas,  to  Poupart's  ligament. 

With  a  shorter  peritoneum  the  movements  of  this  part  of  the 
ileum  become  more  limited.  Sometimes  it  is  bound  down 
completely  to  the  iliac  fossa,  whilst  in  other  cases  it  lies  in  the 
pelvic  cavity  with  a  prolapsed  csecum. 

These  positions  and  mobilities  from  my  40  cases  may  be 
summarised  as  follows  : — In  8  cases  the  lower  end  of  the  ileum 
was  firmly  fixed  in  the  iliac  fossa. 

In  1  case  (No.  18)  it  was  held  in  the  iliac  fossa  by  a  strong 
band  attached  to  it  some  distance  from  its  termination,  allowing 
the  terminal  part  of  the  bowel  a  little  movement. 

In  20  cases  it  was  freely  movable  in  various  positions,  and  in 
11  cases  more  or  less  so. 

So  that  in  50  per  cent,  of  the  cases  it  may  he  said  to  be  freely 
movable,  in  27"5  per  cent,  to  be  movable,  and  in  the  remaining  22*5 
per  cent,  to  be  fixed. 

In  nearly  all  cases  the  direction  was  as  described ;  its  ob- 
liquity varying  somewhat  with  the  position  of  the  caecum. 

In  case  8,  in  which  the  csecum  was  in  the  pelvis,  and  in  which 
there  was  an  ascending  meso-colon,  the  direction  of  the  lower 
end  of  the  ileum  was  downwards.  In  4  of  the  freely-movable 
cases  the  lower  end  of  the  ileum  was  wholly  within  the  pelvic 
cavity  with  a  displaced  csecum. 
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(C)  The  Relation  of  the  Peritoneum  to  the  Ca^cM??i.— Treves 
(15)  states  that  in  his  cases  he  did  not  find  a  meso-ca^cum. 
Defining  the  caecum  as  that  part  of  the  large  intestine  below 
the  ileo-ca3cal  (or  colic)  junction,  it  was  not  in  all  cases  entirely 
covered  by  the  peritoneum.  In  case  11  it  was  bound  to  the 
iliac  fossa  with  the  exception  of  a  small  part  near  the  root  of 
the  appendix.  (See  the  Plate  of  the  large  intestine  in  the  next 
Part.) 

In  case  14  the  line  of  reflection  of  peritoneum  to  the  back  of 
the  csecum  was  considerably  below  the  ileo-caecal  junction.  In 
cases  3,  13,  33,  and  39,  bands  of  various  sorts  ran  up  to  the 
back  of  the  caecum.  None  of  these,  perhaps,  represent  a  true 
meso-c^ecum,  but  they  bound  down  this  part  of  the  bowel  more 
or  less. 

The  line  of  reflection  of  the  peritoneum  to  the  l)ack  of  the 
ascending  colon,  or  in  some  cases  of  the  csecum,  commenced 
below,  on  the  average,  over  the  right  psoas  muscle  2-1  cm.  above 
the  level  of  the  anterior  superior  iliac  spine.  It  passed  upwards 
and  outwards  behind  the  large  intestine,  terminating  externally, 
in  many  cases,  as  a  fold  passing  to  the  iliac  crest  near  its 
highest  part. 

(D)  The  Peritoneal  Folds  and  PoiLches  in  the  Neighbotirhood  of 
the  Ileo-Colic  Junetion  (fig.  11).— There  are  particularly  3  or 
sometimes  4  folds  to  be  considered,  and  3  or  sometimes  4 
pouches. 

I  shall  adopt  a  nomenclature  combining  Lockwood  and  Kolles- 
ton's  (17)  with  that  of  Berry  (18),  and  describe  them  as— 

(1)  Ileo-colic  fold  and  fossa. 

(2)  Ileo-csecal  fold  and  fossa. 

(3)  The  meso-appendix. 

(4)  The  retro-colic  fold  and  fossa  (occasionally  two  fossse— in- 
ternal and  external). 

Very  diverse  and  perplexing  are  the  names  and  descriptions 
given  to  these  fold  and  fossse  by  some  writers.  It  seems  need- 
lessly so. 

(1.)  The  Ileo-Colic  Fold  (fig.  11,  case  19).— Jonnesco  (20) 
considers  that  this  fold  is  more  or  less  present  in  all  cases. 
Berry,  however,  found  it  completely  absent  in  12  per  cent,  of 
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his  cases,  and  the  fossa  absent  in  34  per  cent.  I  have  only 
recorded  the  cases  in  which  the  fold  was  of  any  considerable 
magnitude.  There  were  only  5  of  these  cases,  the  best  marked 
being  Nos.  19  and  27.  Berry  states  that  it  is  better  marked  in 
the  young. 

The  fold  passes  as  a  rule  from  the  anterior  aspect  of  the  peri- 
toneum as  it  passes  across  the  back  abdominal  wall  towards  the 
ascending  colon.  It  passes  with  its  free  concave  border  down- 
wards and  to  the  left,  with  the  pouch  directed  upwards  to  the 
right.  (The  direction  of  the  pouch,  however,  in  case  27  was 
directly  upwards.) 

The  fold  is  caused  by  an  anterior  branch  of  the  ileo-colic 
artery  passing  on  to  the  great  bowel.  Its  attached  margin  on 
the  bowel  is  on  the  lower  part  of  the  ascending  colon  near  the 
ileo-colic  junction,  extending  downwards  on  to  the  ctecum,  or 
it  may  be,  as  in  case  19,  on  to  the  end  of  the  ileum.  The  fossa 
in  cases  19  and  27  was  2  cm.  deep  and  nearly  3  cm.  wide  at  its 
mouth. 

(2.)  Ileo-Gcecal  Fold  (fig.  11,  outline  A). — This  name  of 
Luschka's  adopted  by  Lockwood  and  Eolleston  aud  Berry  is  better 
than  that  of  Treves — the  bloodless  fold.  In  most  fat  subjects 
the  fold  contains  a  considerable  quantity  of  fat — often  loaded  with 
fat.  Further,  a  small  artery  is  occasionally  found  in  the  fold 
which  in  some  cases  was  a  recurrent  branch  of  the  appendicular 
artery.  In  24  cases,  or  60  per  cent.,  the  fold  was  very  well 
marked,  producing  more  or  less  well-marked  fossae  in  23  of 
them.  I  did  not  record  the  number  of  cases  in  which  the  fold 
was  completely  absent,  but  they  were  certainly  few.  Berry 
found  it  absent  in  10  per  cent,  of  cases,  and  the  fossa  in  26  per 
cent.  Treves  considers  this  fold  the  representative  of  the  true 
meso-appendix.  Jonnesco  considers  that  the  ileo-colic  and  ileo- 
csecal  folds,  as  they  are  here  called,  represent  the  mesenteries 
of  the  caecum  ;  he  does  not  regard  the  normal  meso-appendix  as 
a  substituted  structure,  as  Treves  suggests.  The  occasional 
absence  of  the  ileo-ctecal  fold,  whilst,  he  says,  the  meso-appendix 
can  be  found  represented  even  in  the  cases  in  which  the  appen- 
dix is  adherent  to  the  back  of  the  ca?cum,  seems  directed  against 
Treves'  view. 

The  cases  mentioned  in  this  paper,  in  which  the  appendix 
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Avas  adherent  either  to  the  back  of  the  CcTecum  or  to  the  large 
intestine  in  the  iliac  fossa,  and  did  not  possess  a  peritoneal 
fold,  were  not  dissected  to  determine  the  vascular  arrangements, 
so  that  I  cannot  criticise  this  statement  of  Jonnesco. 

The  superior  border  of  the  ileo-colic  fold  is  attached  a  vari- 
able distance  along  the  ileum  at  its  termination — usually  about 
4  cm.  The  outer  border,  directed  somewhat  upwards,  is 
attached  on  to  the  caecum,  whilst  the  opposite  internal  border, 
the  longest,  free,  and  somewhat  crescentic,  is  directed  down- 
wards and  inwards,  with  various  obliquities.  The  lower  border 
is  attached  to  the  back  of  the  caecum  adjoining  the  appendix 
to  the  appendix  itself  or  to  its  mesentery  for  a  variable 
distance. 

Case  25  presented  perhaps  the  most  sharply-defined  pouch, 
with  the  quadrilateral  shape  of  the  fold  well  shown. 

(13.)  The  Meso-Appendix  (fig.  11  a). — This  fold  contains  an 
appendicular  branch  of  the  ileo-colic  artery,  and  is  variously 
attached.  Its  attachments  conveniently  fell  into  four  groups, 
and  the  frequency  of  these  different  positions  in  the  40  cases 
is  herewith  given  : 

(1)  Attached  wholly  to  the  inferior  aspect  of  the  mesentery, 
8  cases. 

(2)  Attached  partly  to  the  inferior  aspect  of  the  mesentery, 
and  partly  to  the  back  of  the  caicum,  13  cases. 

(3)  Attached  wholly  to  the  back  of  the  caecum  or  the 
beginning  of  the  ascending  colon,  15  cases,  of  which  the 
diagrams  in  4  cases  are  unsatisfactory. 

(4)  Irregular  attachments ;  where  the  appendix  is  bound  by 
the  peritoneum  to  the  back  of  the  ctecum  and  ascending  colon, 
3  cases — Nos.  14,  15,  and  39  ;  and  in  one  case  (No.  3)  to  the 
floor  of  the  iliac  fossa. 

The  cases  presenting  an  ascending  meso-colon,  in  which  the 
appendix  was  mostly  found  attached  on  the  outer  side  of  the 
colic  mesentery,  come  under  Group  3. 

Progressive  displacements  from  its  original  attachment  at  the 
back  of  the  mesentery,  by  the  growth  of  the  ctecum  and  colon 
dragging  the  peritoneum  away  and  absorbing  it,  render  the 
progressive  changes  in  the  position  of  the  attachment  of  the 
meso-appendix  from  the  back  of  the  mesentery  to  the  back  of 
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the  large  intestine  quite  intelligible,  and  seem  to  give  to  the  fore- 
going classification  a  rational  basis. 

The  longer  or  free  border  of  the  meso-appendix,  though 
terminating  in  greater  part  about  half-way  along  the  appendix, 
can  be  traced  as  a  rule  as  a  small  sickle-shaped  band  almost  to 
its  extremity. 

(4.)  Betro-colic  Fold  and  Fossm  (fig.  11,  cases  19  and  33). — 
The  term  retro-colic,  as  Berry  (18)  points  out,  as  applied 
to  these  fossie  is  best,  because  when  present  they  extend  more 
or  less  upwards  behind  the  ascending  colon.  He  divides  them 
into  internal  and  external.  From  my  cases,  however,  only  one 
appears  to  be  of  any  consequence — namely,  the  internal. 

A  fold  of  peritoneum  passing  to  the  back  of  the  csecum  and 
ascending  colon  frequently  divides  the  region  behind  the 
ceecum,  external  to  the  mesentery  and  the  meso-appendix, 
into  internal  and  external  parts.  The  external  may  be  con- 
verted into  a  wide  pouch  by  the  outer  reflection  of  the 
peritoneum  on  to  the  back  of  the  ascending  colon  from  the 
body  wall  bending  downwards  and  forming  the  upper  limit 
of  a  more  or  less  wide  pocket  with  its  apex  upwards.  This 
pocket,  spoken  of  as  the  external  fossa,  can  hardly  be  regarded 
as  possessing  much  significance.  The  appendix  does  not 
pass  into  it.  In  one  case — No.  39 — it  was  narrow,  and  might 
have  been  of  clinical  importance.  In  the  other  cases  where 
it  existed — Nos.  2,  4,  13,  and  15 — it  was  so  wide  and  shallow 
as,  with  the  possible  exception  of  case  2,  to  be  scarcely 
worth  the  name  of  a  pouch. 

Intermd  Fossa. — The  internal  or  proper  retro-colic  pouch  is 
of  considerable  importance.  It  existed  in  cases  3,  4,  11,  16,  19, 
27,  33,  and  39,  or  20  per  cent,  of  the  cases.  It  often  contains 
the  root  of  the  appendix,  the  extremity  or  the  whole  of  which 
may  be  turned  upwards  into  the  pouch.  Cases  33  and  19 
presented  good  examples  of  this  condition  (fig.  11). 

The  appendix  was  curved  back  into  a  less  sharply  defined 
pouch  in  case  3.  A  glance  at  figure  11  shows  quite  well  how, 
in  one  of  these  cases,  further  absorption  of  the  peritoneum  by 
the  colon  would  produce  an  appendix  wholly  behind  the 
peritoneum,  as  in  cases  14  and  15,  in  which  the  appendix 
was  firmly  fixed  in  the  connective  tissue  behind  the  large  in- 
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testine.  Case  39  is  interesting  as  showing  a  short  appendix 
adlierent  to  the  back  of  the  Ccecum  internal  to  a  retro-colic  (or, 
in  this  case,  retro-csecal)  pouch. 

Case  27  (fig.  11)  shows  an  interesting  position  of  the 
appendix.  The  greater  part  of  it  was  firstly  bovmd  by  the 
peritoneum  to  the  back  of  the  large  intestine  ;  the  root  was 
situated  behind  the  cfecum,  and  the  tip  projected  from  out  of  a 
pouch  external  to  the  ascending  colon  at  the  level  of  the  iliac 
crest.  The  case  probably  represents  an  appendix  passing 
upwards  outside  the  reflection  of  the  peritoneum  on  to  the 
ascending  colon,  the  peritoneal  folds  having  become  obliterated 
at  its  proximal  part. 

The  nature  of  the  retro-colic  fold  does  not  seem  to  be  related 
to  the  fold  of  the  gubernaculum.  It  apparently  represents  an 
unabsorbed  fold  of  the  peritoneum  behind  the  large  intestine 
at  this  place. 

(E)  The  Peritoneum  on  the  Colon. — For  the  appended  de- 
scription see  figs.  3  a  and  B,  Part  1,  and  fig.  12.  The  Plates 
of  the  large  intestine  on  the  reduced  scale  with  the  peritoneal 
lines  in  the  whole  series  of  cases  will  appear  in  Part  IV. 

The  Ime  of  the  reflection  of  the  peritoneum  from  the  lower 
end  of  the  mesentery,  which,  it  will  be  remembered,  is  situated 
midway  between  the  plane  of  CD.  and  that  of  the  anterior 
superior  iliac  spines  at  a  distance  of  4  cm.  from  the  middle  line, 
turns  somewhat  abruptly  outwards  and  upwards  to  reach  the 
inner  side  of  the  ascending  colon,  and  crosses  the  plane  of  CD., 
as  it  passes  upwards,  at  a  distance  of  7  cm.  from  the  middle 
line  or  a  little  outside  the  right  lateral  line;  then,  inclining 
a  little  further  outwards,  it  extends  upwards  to  half-way  between 
CD.  and  E.F.,  passing  for  a  short  distance  along  the  outer  side 
of  the  second  part  of  the  duodenum  and  crossing  the  lower  end 
of  the  right  kidney.  It  then  bends  inwards  towards  the  middle 
Ihie  across  the  duodenum  and  the  head  of  the  pancreas,  and 
becomes  the  lower  layer  of  the  transverse  meso-colon.  This 
point,  where  the  peritoneum  can  fairly  be  said  to  begin  its 
inward  inclination  to  form  the  commencement  of  the  lower 
layer  of  the  transverse  meso-colon,  is  7*5  cm.  from  the  middle 
line,  6"45  cm.  below  E.F. 
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The  lower  layer  of  the  transverse  nieso-colon  attains  the 
middle  line  across  the  lower  part  of  the  head  of  the  pancreas 
3  cm.  below  E.F.  Passing  to  the  left,  it  bends  abruptly 
upwards  towards  the  anterior  border  of  the  pancreas  to  the  upper 
border  of  the  duodeno-jejunal  flexure,  where  it  attains  the  level 
of  E.F.  2-8  cm.  to  the  left  of  the  middle  line.  From  this  point 
it  continues  outwards  to  the  left  in  a  low  arch  with  its  convexity 
upwards,  until  at  a  point  8'9  cm.  from  the  middle  line,  '5  cm. 
below  E.F.,  it  definitely  bends  downwards  to  become  the  inner 
layer  of  the  peritoneum  of  the  splenic  flexure  and  of  the  descend- 
ing colon. 

At  this  place  it  follows  the  slight  twist  downwards  that  the 
extremity  of  the  pancreas  usually  presents,  and  running  along 
the  inner  margin  of  the  lower  part  of  the  spleen,  is  directed  for 
2  cm.  slightly  outwards,  until  it  attains  the  outer  margin  of  the 
left   kidney.     It    then   continues    downwards   along   the  outer 
margin  of   the   kidney  until  its  lower  pole  is  reached  6  cm. 
below  E.F.,  where,  in  common  with  tlie  descending  colon  at  this 
part,  the  peritoneum  presents  a  bend  inwards  for  nearly  2  cm. 
Continuing  downwards  with  an   inclination  inwards,  it  passes 
over  the  iliac  crest  at  a  distance  of  7  cm.  from  the  middle  line 
along  with  the  descending  colon,  until,  at  a  point  4*6  cm.  below 
the  iliac  crest,  or  ll  cm.  below  CD.,  at  a  distance  of  6-6  cm, 
from  the  middle  line,  it  forms  the  commencement  of  the  inner 
layer  of  the  meso-sigmoid.     As  a  part  of  the  meso-sigmoid  it  is 
directed  at  first  downwards  and  inwards  towards  the  brim  of 
the  pelvis,  where,  at  a  level  of  '9  cm.  above  the  anterior  superior 
iliac  spine,  5  cm.  from  the  middle  line,  it  bends  again  upwards 
passing  inwards,  towards  the  angle  formed  by  the  psoas  muscle 
and   the    lumbo-sacral    promontory,   where,   having   passed   to 
within  2*5  cm.  of  the   middle   line,  it    bends   downwards  and 
inwards  into  the  pelvic  cavity,  to  become  eventually  the  meso- 
rectum. 

We  have  traced  already  the  reflection  of  the  peritoneum  on 
to  the  back  of  the  caecum  and  the  beginning  of  the  ascending 
colon  and  thence  to  the  iliac  crest.  Its  reflection  above  this 
point  on  to  the  outer  side  of  the  ascending  colon  is  not  of 
importance  in  this  place. 


abdominal  viscera  in  man.  199 

Ascending  or  Descending  Meso- Colon. 

There  were  6  cases,  or  15  per  cent.,  presenting  an  ascending 
meso-colon,  and  9  cases,  or  22  per  cent.,  with  a  descending  meso- 
colon. Two  cases  were  common  to  the  two  groups — viz.,  cases 
8  and  19. 

The  other  examples  of  an  ascending  meso-colon  were  in 
cases  18,  31,  34,  and  38;  and  of  a  descending  meso-colon,  in 
cases  1,  14,  15,  23,  26,  32,  and  37.  In  Treves's  (15)  series  of 
100  cases  the  percentage  showing  the  existence  of  these  folds 
is  placed  higher — namely,  of  an  ascending  meso-colon  28  per 
cent.,  and  of  a  descending  meso-colon  36  per  cent. 

There  were  other  cases  of  this  series  in  which,  with  a  very 
little  dragging  on  the  colon,  one  could  have  produced  a  meso- 
colon more  or  less  complete,  and  for  surgical  purposes  it  would 
have  been,  perhaps,  as  good  as  existent.  I  have,  however,  only 
described  as  meso-colons  those  in  which  the  layers  of  peritoneum 
passing  to  the  bowel  were  in  contact  without  manipulation. 

Ascending  Meso-Colon. — In  case  19  the  ascending  meso-colon 
only  extended  upwards  for  2*5  cm.  above  the  iliac  crest.  In  case 
31  it  was  short  and  evidently  had  been  produced  by  enormous 
distension  of  the  ascending  colon.  In  case  34  it  only  reached 
up  to  the  iliac  crest,  where  the  inner  layer  passed  inwards  into 
a  low  transverse  meso-colon.  Cases  8,  18,  and  38  were  excel- 
lent examples  of  an  ascending  meso-colon.  In  all  of  them  it  is 
important  to  note  that  a  long  free  appendix  passed  upwards 
behind  the  colon,  external  to  the  meso-colon.  The  distance  of 
the  attachment  of  the  meso-colon  from  the  middle  line  was  that 
of  the  average  position  of  the  peritoneal  reflection  on  to  the 
inner  side  of  the  ascending  colon — viz.,  7  to  7" 5  cm. 

The  Descending  Meso-Colon. — In  cases  1, 18,  and  19  the  line  of 
the  normal  reflection  of  the  peritoneum  on  to  the  inner  side  of 
the  descending  colon  was  pursued  by  an  uninterrupted  mesentery 
down  to  the  iliac  crest,  where  there  was  an  interruption  of  5 
cm.  or  more  before  the  meso-sigmoid  commenced.  The  same 
applies  to  cases  14  and  15,  except  that  in  them  the  meso-colon 
did  not  reach  quite  down  to  the  iliac  crest.  In  case  37  the 
meso-colon  was  short,  evidently  produced  secondarily  by  great 
bowel  distension,  and  reached  down  to  CD.,  after  which  there 
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was  an  interruption  of  more  than  6  cm.  before  a  lowly-starting 
meso-sigmoid  commenced.  In  case  32,  throughout,  and  in  case 
23,  with  a  slight  interruption  at  the  lower  end  of  the  spleen, 
there  was  a  complete  descending  meso-colon  in  the  normal  line 
outside  the  kidney,  continued  below  into  the  meso-sigmoid.  So 
that  in  all  the  cases  so  far  described  on  both  sides  the  line  of 
the  meso-colon  was  that  of  the  normal  inner  peritoneal  reflec- 
tion on  to  the  colon. 

In  case  26,  however,  in  a  girl  set.  16,  there  was  a  complete 
descending  meso-colon  of  a  different  character,  with  the  follow- 
ing conditions : — The  attachment  of  the  root  of  the  mesentery 
in  the  right  psoas  region  was  normal.  The  ceecum  and 
appendix  were  wholly  within  the  pelvis. 

The  transverse  colon  crossed  the  middle  line  at  the  usual 
level,  but  at  a  point  5  cm.  to  the  left  of  the  middle  line,  1  cm. 
above  E.F.,  it  turned  downwards  and  inwards  as  a  descending 
meso-colon,  passing  beside  the  fourth  part  of  the  duodenum 
towards  the  middle  line,  which  it  reached  at  the  level  of  the 
umbilicus,  and  passed  thence  straight  downwards  into  the  pelvis 
to  become  the  meso-rectum.  The  outer  border  of  the  descend- 
ing colon  in  the  plane  of  E.F.  was  9  cm.  from  the  middle  line, 
and  the  colon  then  passed  downwards  and  inwards,  parallel  with 
its  mesenteric  attachment  over  the  left  kidney  towards  the 
middle  line,  which  it  attained  in  the  plane  of  CD.  Thence 
the  colon  passed  without  any  sigmoid  flexure  or  other  tortuosity 
directly  into  the  rectum.  The  case  presented  an  excellent 
example  of  a  primitive  mesentery  for  the  lower  part  of  the 
bowel. 

Cysto-Colic  Fold. 

The  fold  of  peritoneum  passing  from  the  gall-bladder  to 
the  hepatic  flexure  of  the  colon  has  been  already  described 
(pp.  174-5).  It  occurred  in  12  cases,  or  30  per  cent,  of  the 
series— viz.,  in  cases  5,  8,  19,  21,  22,  23,  24,  25,  27,  28,  32,  33. 

All  but  two  cases— Nos.  32  and  22 — presented  that  which  will 
be  described  as  the  first  and  chief  variety  of  the  transverse 
colon — namely,  that  characterised  by  a  marked,  and  more  or 
less  firm,  downward  hepatic  loop. 

The  CostO'Colic  ligament  has  already  been  considered. 


ABDOMINAL   VISCERA   IN   MAN.  201 


Meso-Sigmoid. 


In  connection  with  the  meso-sigmoid,  it  cannot  be  too  much 
emphasised  that  the  sigmoid  flexure  has  not  a  long  free  attach- 
ment over  the  left  psoas  muscle.  The  part  of  intestine  lying  in 
the  iliac  fossa  is  in  most  cases  more  or  less  bound  down  by 
peritoneal  reflections  or  by  adhesions.  The  free  part  of  the 
sigmoid  colon,  hanging  into  the  pelvic  cavity  or  having  a  free 
excursion  in  the  abdomen,  is  that  which  has  its  mesentery 
attached  passing  upwards  along  the  inner  border  of  the  left 
psoas  muscle. 

The  normal  meso-sigmoid,  as  represented  in  fig.  12,  case  17, 
consists  of  two  limbs.  The  upper  or  outer  limb  when  it  is 
present  begins  over  the  left  psoas  muscle  about  the  plane  of 
CD.  and  passes  inwards  and  downwards  to  the  brim  of  the  pelvis 
at  a  point  about  1  cm.  above  the  level  of  the  anterior  superior 
iliac  spine,  and  just  internal  to  the  left  lateral  line  (5  cm.  from 
the  middle  line),  where  the  peritoneal  attachment  turns  upwards 
as  the  inner  limb  of  the  meso-sigmoid. 

The  inner  limb  usually  ascends  along  the  inner  margin  of  the 
left  psoas  muscle  to  the  summit  of  the  little  recess  between 
the  psoas  muscle  and  the  side  of  the  vertebral  body  bounding 
the  lumbo-sacral  promontory.  Here  it  presents  in  most  cases 
a  sharp  bend  with  the  convexity  upwards  and  turns  downwards 
on  the  side  of  the  vertebral  body,  or  across  the  little  recess, 
into  the  pelvic  cavity,  where  it  is  placed  about  2  cm.  from  the 
middle  line.  At  the  summit  of  the  sharp  bend  upwards  there 
sometimes  persists  in  the  adult  a  well-marked  band  or  fold 
passing  upwards,  which  is  carefully  described  by  Eobinson  (21) 
as  the  suspensory  ligament  of  the  meso-sigmoid.  This  fold 
is  shown  on  No.  14  in  fig.  12. 

The  length  of  the  mesentery  along  the  outer  limb  of  the 
meso-sigmoid  is  very  short,  and  this  part  of  the  attached  bowel 
has,  as  a  rule,  but  little  mobility.  The  length  of  the  meso- 
sigmoid,  on  the  other  hand,  along  the  inner  limb  is  very  long, 
and  the  attached  part  of  the  bowel  is  freely  movable. 

Alterations  in  the  character  of  the  upward  bend  of  the  meso- 
sigmoid  are  brought  about  by  the  altered  position  of  the 
suspensory  fold,  causing  it  perhaps  to  be  very  sharply  defined. 


202  PROFESSOR   CHRISTOPHER   ADDISON. 

or,    by   its    absence,   allowing    the    meso-sigmoid    to    become 
straightened  out. 

The  commonest  variation  of  the  meso-sigmoid  is  the  oblitera- 
tion, either  by  adhesions  or  by  bowel  growth,  of  its  upper  or 
outer  limb  (see  case  18,  fig.  12),  leaving  the  inner  portion 
V-shaped,  with  the  apex  of  the  V  upwards. 

The  presence  of  both  limbs  of  the  meso-sigmoid  or  the 
absence  of  the  outer  limb  in  this  series  of  cases  occurred  with 
the  following  frequency : — 

Absence  of  the  outer  limb  in  11  cases,  or  27"5  per  cent. 

Presence  of  both  limbs,  more  or  less  well  marked,  in  27  cases, 
or  67 '5  per  cent.  Absence  of  a  meso-sigmoid  of  either  of  these 
types  in  the  presence  of  a  complete  descending  meso-colon 
occurred  in  2  cases,  or  5  per  cent. 

Including  those  cases  in  which  there  was  absence  of  the  outer 
limb  of  the  meso-sigmoid,  there  ivere  peritoneal  bands  or 
adhesions  rendering  the  'portion  of  the  sigmoid  colon  up  to  the 
brim  of  the  pelvis  more  or  less  immovable  in  24  cases,  or  60  ^^er 
cent,  of  the  series. 

Inter-Sigmoid  Pouch. — There  were  several  cases  in  which  a 
well-marked  pit  existed  under  cover  of  the  meso-sigmoid  at 
its  summit ;  but  there  were  only  5  cases — Nos.  12,  14,  27, 
32,  and  34 — in  which  a  distinct  pouch  extended  upwards 
beneath  the  layers  of  the  meso-sigmoid.  Case  27  presented 
the  largest  example. 

In  the  averages  on  Table  VI.  (p.  188)  of  the  point  of  the 
commencement  of  the  meso-sigmoid,  those  cases  are  included 
in  which  the  outer  limb  was  absent.  If  these  be  excluded, 
the  plane  CD.  as  the  level  of  the  commencement  of  the  meso- 
sigmoid  is  remarkably  regular,  the  average  for  the  cases  pre- 
senting both  limbs  of  the  meso-sigmoid  being  "4  cm.  above. 

In  two  cases — Nos.  23  and  27 — peritoneal poelxcts  sufficient  to 
admit  the  finger  existed  in  the  left  iliac  fossa,  passing  behind 
the  bowel  from  the  outside. 

On  fig.  12,  No.  18,  a  well-marked  Idnk  of  the  descending  colon 
is  shown  in  a  pocket  behind  the  outer  border  of  the  psoas 
muscle  at  the  upper  part  of  the  iliac  fossa.  The  bowel  was 
tightly  bound  in  this  pocket  by  the  peritoneum.  A  similar 
condition  existed  in  cases  9  and  13,     The  outer  border  of  the 
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psoas  in  these  cases  is  represented  by  a  black  line  in  the  Plate 
of  the  large  intestine  in  Part  IV. 

Only  in  cases  5  and  15  was  there  any  representative  of  a 
(jubernacidar  fold  passing  from  the  lower  attachment  of  the 
meso-sigmoid.  The  cases  do  not  suggest  that  this  structure  is 
especially  concerned  in  the  production  of  the  inter-sigmoid  fossa. 
In  the  foetus  the  spermatic  vessels  do  not  appear  to  be  at  all 
concerned  in  the  formation  of  the  pit  existing  beneath  the  nieso- 
sigmoid.  The  inter-sigmoid  pouch  is  perhaps  determined  by 
the  strength  of  the  suspensory  fold  on  the  one  hand,  and  by  the 
force  of  the  bowel  tending  to  drag  out  the  peritoneum  on  the 
other.  This,  however,  presupposes  the  absence  of  adhesion  of  the 
peritoneal  surfaces,  of  which,  I  confess,  I  am  not  at  all  convinced. 

So  much  has  been  done  in  the  way  of  measurements  of  the 
lengths  of  the  parts  of  the  bowels,  and  of  the  peritoneal  folds 
supporting  them,  by  other  workers,  notably  Lockwood  (14), 
Treves  (15),  and  Eobinson  (21),  that  except  in  a  few  cases 
I  have  not  taken  measurements  of  their  length. 

What  remains  to  be  said  of  the  transverse  meso-colon  and 
of  its  displacements  will  be  deferred  to  the  next  section. 

One  point  should  be  mentioned  in  reference  to  the  tables — 
"  the  point  of  termination  "  referred  to  does  not  indicate  the 
actual  termination  of  the  transverse  meso-colon,  but  the  point 
where  the  peritoneum  at  the  left  bends  downwards.  The  actual 
termination  of  the  transverse  meso-colon  averaged  2-5  cm.  below 
E.F. 

Lateral  Variations. — The  lateral  variations  of  the  lower 
attachment  of  the  mesentery  were  very  small.  Normally 
being  4  cm.  from  the  middle  line,  39  of  the  40  cases  were 
from  3  to  5  cm.  inclusive.  The  lateral  attachments  of  the 
inner  la^er  of  the  colic  peritoneum  varied  but  little,  and  the 
variations  are  sufticiently  set  out  in  the  Tables  and  Figures. 

Variations  on  the  right  side  were  chiefly  associated  with  a 
raised  or  distended  ceecum,  and  come  under  the  description  of 
that  part. 

It  remains  to  sicmmarise  in  general  terms  of  inches  the  line 
of  peritoneal  attachments.  The  mesentery  commences  above 
in  the  plane  of  E.F.,  one  inch  to  the  left  of  the  middle  line, 
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and  passes  downwards  to  the  right,  crossing  the  middle  line 
rather  over  half-way  between  CD.  and  E.F.,  or  nearly  H  inches 
above  the  umbilicus,  to  its  lower  attachment,  which  is  situated 
midway  between  the  plane  of  CD.  and  that  of  the  anterior 
superior  iliac  spines,  nearly  an  inch  inside  the  light  lateral  line. 
The  peritoneum  is  reflected  on  to  the  inner  side  of  the  ascending 
colon  in  the  plane  of  CD.  just  outside  the  right  lateral  line  and 
continues  upwards,  and  a  little  outwards,  to  midway  between 
the  planes  of  CD.  and  E.F.,  where,  forming  the  lower  layer  of 
the  transverse  meso-colon,  it  turns  inwards,  crossing  the  middle 
line  a  little  over  an  inch  below  E.F,,  whence  ascending,  it  reaches 
the  plane  of  E.F.  a  little  over  an  inch  to  the  left  of  the  middle 
line,  and  continues  outwards  in  the  plane  of  E.F.  to  an  inch 
beyond  the  left  lateral  line,  where  it  bends  downwards,  inclining 
inwards,  eventually  crossing  the  plane  of  CD.  just  outside  the 
left  lateral  line.  It  now  passes  downwards  and  inwards  to  the 
pelvic  brim  to  about  the  level  of  the  anterior  superior  iliac 
spine,  a  little  inside  the  left  lateral  line,  whence  it  bends 
upwards  again  to  a  point  just  below  CD.  about  half-way 
between  the  middle  line  and  the  left  lateral  line,  where  it 
finally  turns  downwards  beside  the  sacral  promontory  into 
the  pelvis  to  become  the  meso-rectum. 
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STOP  OR  CLICK  MECHANISM  IN  THE  ANIMAL  KING- 
DOM.    By  Otto  Thilo,  M.D.,  Riga.    (Plates  XXV.,  XXVI.) 

Stop  mechanisms  are  found  very  often  in  the  animal  kingdom. 
They  appear  in  a  variety  of  forms  and  consist  of  different 
substances,  but  serve  always  the  same  purpose,  viz.,  the  econo- 
mising of  labour. 

Always  where  it  is  necessary  to  hold  a  part  of  the  body 
steadily  in  the  same  position  for  a  length  of  time,  one  finds  the 
strain  on  the  muscles  taken  off  by  a  click  mechanism. 

When,  for  example,  the  passage  of  liquid  through  an  elastic 
tube  or  pipe  is  to  be  prevented  by  the  strength  of  the  muscles, 
it  would  be  done  by  holding  the  pipe  firmly  together,  as  one 
would  bind  a  cord  round  an  india-rubber  hose.  The  muscles 
would,  of  course,  soon  tire  ;  consequently,  in  such  cases,  one  finds, 
in  place  of  a  muscle  contraction,  an  automatic  lock,  that  is,  a 
stop  or  click  mechanism.  The  best  example  of  this  is  found 
in  the  valves  of  the  heart.  These  develop  out  of  the  creases  of 
the  lining  of  the  blood-vessels  ;  the  creases  increase,  and  by 
degrees  take  a  pocket  form,  thus  becoming  valves.  Valves 
resembling  these  which  prevent  the  back  flow  of  the  blood  are 
also  to  be  found  in  the  veins.  The  veins  have  much  thinner 
walls  than  the  arteries.  The  arteries  have  no  valves,  and  the 
circulation  of  the  blood  is  regulated  only  by  the  strength  of  the 
muscular  coat. 

The  heart  valves  admit  only  of  the  flow  of  blood  in  one 
direction,  therefore  we  may  call  them  running  ^  catch  mechanisms 
for  fluids.  One  finds  in  many  animals  also  running  catch 
mechanisms  for  gaseous  bodies,  as,  for  instance,  on  the  strange 
globular  fishes  which  blow  themselves  up  like  a  balloon. 

A  third  group  of  catch  mechanisms  is  to  be  found  in  the 

^  Under  running  catch  mechanism  is  understood  a  stop  mechanism  which 
prevents  motion  in  one  direction,  but  admits  of  it  in  the  other,  as,  for 
example,  the  mechanism  of  a  ship's  anclior  windlass.  Stop  mechanisms  which 
prevent  motion  in  both  directions  are  called  stationary.  Vide  Reuleaux,  Kron- 
strudeur,  Braunschweig,  1895,  page  600. 
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bouy  skeletons.     On  these  I  may  be  allowed  to  particularise, 
as  I  have  studied  and  .written  about  some  of  them.^ 

The  object  of  these  stop  mechanisms  in  solid  bodies  is  to  save 
muscle  strength.  Particularly  one  sees  it  on  the  fin  rays  of  the 
little  fish  called  the  stickleback. 

When  one  observes  how  this  little  fish  holds  up  its  fin 
rays  for  hours  together,  while  it  watches  over  the  nest  of  its 
young  brood,  we  ask  how  the  fin  muscles  stand  the  unremitting 
fatigue.  On  examining  minutely  the  joints  of  the  fin  rays, 
I  found  that  the  stickleback  held  its  fins  upright  without 
muscular  exertion  simply  by  a  stop  or  click  mechanism. 
Also  on  a  dead  stickleback  it  is  only  possible  to  depress  the 
spines  when  one  understands  how  to  unlock  the  mechanism. 

Similar  contrivances  are  to  be  found  in  many  other  kinds  of 
fish,  and  the  diversities  which  we  see  correspond  exactly  to  the 
object  which  they  have  to  serve. 

The  perch  (fig.  1,  Plate  XXV.),  for  instance,  moves  the  fin 
rays  of  the  dorsal  fin  backwards  and  forwards  in  swimming, 
and  cannot  hold  them  upright  for  a  length  of  time  like  the 
stickleback.  Its  fin  joints  are  built  more  for  movement  than 
for  fixity,  that  is,  the  contrivance  by  which  the  perch  helps  to 
hold  up  the  fins  is  less  developed  than  that  of  the  stickleback. 

If  one  raises  the  fin  rays  of  a  perch,  one  notices  that  the 
first  spine  is  very  much  bent  forward,  probably  because  it  is 
easier  for  the  muscles  to  hold  the  leaning  rays  against  the 
water  stream  in  swimming  than  if  they  were  perpendicularly 
fixed.  For  the  same  reason  the  masts  of  a  ship  are  fixed 
backwards  on  purpose  that  the  strain  on  the  ropes  may  be  less 
when  the  ship  sails  before  the  wind. 

By  some  kinds  of  fish  the  first  spine  takes  almo.st  a  horizontal 
position  if  the  fin  is  quite  raised.  One  can,  on  this  account,  say 
the  spine  stands  in  this  position  on  a  dead  centre  against  the 
water  stream  against  which  the  fish  swims. 

By  other  sorts  of  fish  it  is  again  a  peculiar  fixing  of  the  joint 
axis  and  a  particular  asymmetrical  build  of  the  joint  bodies  which 
help  the  fish  to  hold  the  fins  upright. 

Now,  all  these  methods  whereby  the  fins  are  held  upright 

1  Vide  Dr  Otto  Thilo,  Die  Unibildungm  an  den  Gliedmasseii  dcr  Fische, 
Leipzig,  Engelinann,  1896. 
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are  of  little  importance  in  comparison  to  the  click  mechanism 
which  makes  it  possible  for  a  fish  to  hold  up  its  fins  without 
any  muscle  power. 

These  contrivances  are  frictional  stops,  which  consist  either  of 
two  or  three  movable  parts. 

The  frictional  stops  in  fish  in  three  parts  remind  one 
much  of  the  runuinc'  catch  mechanism  which  is  so  much 
made  use  of  in  practical  mechanics.  Already  Eeuleaux  has 
remarked  on  the  great  resemblance,  and  he  said  in  his 
Kronstructeur  (Braunschweig,  1895) :  "  It  may  be  remarked  that 
frictional  stops  also  appear  in  nature."  Some  kinds  of  fish 
fix,  by  means  of  a  stop  in  three  parts,  certain  bone  formations 
(fins)  upright,  and  can  also  lay  them  down  (see  Thilo,  Die 
Spurgeleiike  einiger  Wehe,  etc.     Dorpat,  1879). 

The  well-known  Dobuschen  frictional  feeds  and  the  American 
Yale-locks  contain  catch  mechanisms  identical  with  those  which 
we  find  in  the  spinal  fins  of  certain  fish  which  go  by  the  name 
Monacanthus,  which  live  in  the  coral  reefs  of  the  Red  Sea 
(fig.  11). 

The  Arabian  fisher  boys  know  the  Monacanthus  very  well. 
They  have  often  experienced  that  these  fish  retreat  into  the 
holes  of  the  rocks,  and  raise  their  fins  against  the  roof  of  the 
holes.  It  is  only  then  possible  to  get  them  out  by  laying 
down  the  spiked  fin,  but  that  can  only  be  done  by  pushing  down 
the  small  spike  behind  the  spiked  fin,  as  by  the  lock  of  a  gun. 
In  fig.  11  this  second  spike  is  shown  as  a  click  bone  pushed 
back.  One  sees  at  once  that  it  is  equivalent  to  the  mechanism 
in  the  Yale-lock,  fig.  13. 

The  frictional  path  of  the  mechanism  has  a  circular  profile, 
whereas  the  frictional  path  of  the  click  bone  shows  an  involute 
profile.  This  involute  must  be  calculated  from  a  very  small 
primary  circle,  the  middle  point  being  in  M,  fig.  13. 

In  the  Yale-lock  the  circular  profile  is  enough,  as  the  bolt 
has  a  straight  course.  By  the  click  bone  the  involute  profile 
is  essential,  because  the  strengthened  part  of  the  fins  shows 
a  circidar  movement.  In  my  models  of  the  cHcks  of  the 
Monacanthus,!  I  had  to  choose  the  involute   profile,  because 

1  Haferland     and     Pippow     sell     these     models.       Berlin  :     N.    Hermsdorf 
Bahnhofstr.  Villa,  No.  5. 

VOL.  XXXV.  (N.S.  vol.  XV.)— JAN.  190L  0 


208  DR    OTTO   THILO.  ^ 

they  were  formed  of  metal,  whereas  for  copies  in  wood,  a 
circular  profile  is  sufficient;  its  middle  point  lies  excentric, 
fig.  13,  M. 

In  the  frictional  stops  which  are  in  use  in  mechanics  the 
pawl  shows  a  partly  involute,  partly  circular,  profile  {vide 
Eeuleaux,  Kronstructcur,  p.  639). 

In  the  different  kinds  of  Monacanthus  the  length  of  the  click 
bone  is  different.  In  some  the  upper  end  of  the  click  bone 
is  very  long  (fig.  11),  whereas  in  others  it  is  totally  absent,  there 
being  only  a  small  round  bone  :  that  shows  that  the  click  bone 
formerly  had  the  form  of  an  ordinary  fin  ray,  and  by  degrees 
degenerated  so  much  that  only  the  end  of  the  joint  remained. 
In  some  kinds  of  fish  we  find  a  collection  of  fin  rays  all  helping 
to  hold  up  the  front  fin  spine,  as  in  the  herring  king  (Zeus). 
The  two  front  spines  of  this  fish  are,  as  in  fig.  2,  displayed 
shortened.  One  sees  that  the  front  spine  leans  against  the 
second  by  means  of  a  spur-like  elongation  when  it  is  quite 
raised.  The  click  or  stop  can  only  be  brought  into  play  by 
raising  the  fin,  whereas  in  the  clicks  of  Monacanthus  the  fin 
can  be  fixed  under  any  angle  between  0  and  90. 

In  addition  to  the  triple-pronged  mechanism  there  can  be 
added  those  similar  to  the  serpent's  fangs  (figs.  3-5). 

At  first  sight,  it  would  almost  appear  as  if  a  greater  number 
of  members  were  necessary  to  apply  the  stop  mechanism  here, 
but  a  closer  examination  shows  that  only  one  part  of  all  those 
members  comes  into  play.  According  to  diagrams  4  and  5, 
there  are  shown  four  bones  which  are  jointed  and  connected 
with  the  skull. 

1.  The  skull  is  considered  stationary.  2.  The  upper  jawbone 
with  fang.  3.  Pterygoid.  4.  Quadrate.  5.  Temporal  bone. 
These  five  bones  form  a  five-jointed  endless  chain. 

Five  members  are  absolutely  necessary,  so  that  when  raising 
the  fang  the  pterygoid  is  not  separated  from  the  skull,  but 
rather  lies  as  close  as  possible  against  it.  If  there  were  only 
four  members,  3  would  stand  out  considerably  from  1  when 
the  fang  is  raised  in  biting — {a)  through  the  pressure  to  be 
overcome  by  the  bite,  (6)  through  the  pressure  against  the  fang. 
This  danger  of  breaking  is  removed  by  the  introduction  of 
member  5.     Besides,  the  strength  of  resistance  of  3  is  annulled 


STOP   OR   CLICK    MECHANISM   IN    THE   ANIMAL   KINGDOM.     209 

by  the  fact  that  3  is  very  much  bent  inwards.  (Compare 
fig.  5,  the  head  of  the  viper  seen  from  below.) 

By  exerting  a  pressure  against  the  fang  the  members 
3  and  3  of  the  right  and  left  fang  will  consequently  prees 
ag-ainst  each  other  and  against  the  lower  surface  of  the 
skull.  Thus  the  stress  of  the  comparatively  long  bone- 
stem  3  will  be  reduced. 

Besides   this,  there   arises   a   considerable    friction    between 

3  and  the  skull  which  serves  to  fix  the  tooth.  This  friction 
is  all  the  greater,  as  there  are  layers  of  muscles  between  1  and 
3,  which  are  sensitive.  Besides,  3  is  pressed  against  1  through 
the  action  of  muscles.  We  therefore  see  that  to  fix  the 
fang  the  members  1,  2,  3  are  of  service  and  that  the  members 

4  and  5  are  only  of  use  in  raising  and  lowering  the  tooth. 
The  running  catch  mechanism  in  two  parts  ^  of   some    fish 

appear  to  me  to  be  more  remarkable  than  these  stopper-joints. 
They  consist  only  of  two  movable  parts,  the  spine  and  bearer 
of  the  spine. 

Double  clicks  in  the  arts  are  only  used  for  locking,  as  in 
the  case  of  stove  doors,  but  in  this  case  one  more  often  uses 
screws  now.  The  running  mechanical  stops  are  mostly  in 
three  parts,  because  without  a  pawl  they  are  not  safe  enough. 
But  the  stops  in  fish  radiants  are  mostly  in  two  parts.  Stops  in 
three  parts  are  to  be  found,  as  far  as  I  know,  only  in  three 
kinds  of  fish,  but  frictional  stops  in  two  parts  are  to  be  found 
in  many  ;  for  instance,  in  the  radiants  of  our  small  stickleback. 

The  stickleback  has  in  every  case  a  sure  protection  in  its 
spines.  Although  it  is  so  small  the  pike  spares  it  on  account 
of  its  firmly  set  spines,  and  swallows  without  trouble  the 
larger  carp  although  it  has  such  sharp  and  tooth-like  fins. 
If  the  carp  had  fins  like  the  stickleback,  the  pike  would  have 
a  bad  time  in  the  carp  pond. 

Eeflecting  on  the  life  of  the  stickleback  we  see  how  much 
he  requires  his  spines.  When  the  perch  and  the  pike  swallow 
a  stickleback  it  costs  them  their  lives ;  the  salmon  and  the 
haddock,  however,  swallow  it  without  being  harmed.  The 
greatest  danger  for  it  lies  with  the  mother  of  its  young  ;  they 
are  always  on  the  alert  to  eat  their  children,  and  storm  the 
^  Running  and  stationary  catch  mechanisms,  see  page  206. 
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nest  where  the  careful  father  watches  over  them,  and  only 
too  often  the  stickleback  succumbs  to  the  attacks  of  his  many 
wives. 

In  order  to  meet  these  many-sided  attacks  the  spines 
of  the  stickleback  are  provided  with  click  joints  which 
admit  of  much  elasticity  in  their  use.  As  quick  as  lightning 
a  stickleback  can  force  up  his  spines  if  he  is  irritated,  and 
can  hold  them  up  for  hours  at  a  time  without  any  strain  on 
the  muscles.  One  is  easily  convinced  of  it,  when  one  tries 
to  lay  down  the  upright  spines  of  a  dead  stickleback.  If 
you  press  against  the  point  of  the  spine  it  is  impossible 
to  lay  it ;  on  the  other  hand,  with  the  point  of  a  pin  one  can 
lay  the  spine,  if  pressed  on  the  proper  spot,  on  the  front 
part  of  the  joint  end.  This  surprising  fact  we  can  under- 
stand when  we  have  thoroughly  examined  the  joint  of  the 
spine  and  its  click  mechanism  as  compared  with  those  of  other 
fish.  The  click  mechanisms  are  very  varied,  and  some  of  them 
are  difficult  to  understand.  I  have  seen  in  some  large 
museums  small  fish  in  very  large  bottles  because  they  had 
not  understood  how  to  lay  the  fin  rays  to  enable  them  to 
be  put  into  bottles  corresponding  to  their  size. 

The  Click  Mechanism  of  the  Stickleback — The  spine  of 
the  stickleback  shows  on  the  joint  end  under  a  split  (fig.  12) 
an  eloncration  of  the  bone,  which  is  formed  like  two  bent 
swords.  These  elongations  rest  in  sheaths  resembling  bent 
swords  when  pushed  into  their  sheaths.  A  rough  sketch  of 
the  stickeback  spines,  taken  from  the  side,  is  given  in  fig.  6. 
The  result  of  these  conditions  prevents  the  spine  from  being 
pushed  into  a  sheath  by  force  from  K  to  S'.  These  move- 
ments towards  S'  can  only  be  worked  by  a  force  K',  which 
describes  a  circle  A'  B  K'.  The  lock  acts  only  when  the  spine 
lies  so  that  its  prop  is  at  the  point  A  and  B.  If  you  change 
the  prop  A  to  A',  one  can  without  hindrance  move  S  to  S', 
then  with  the  diameter  A'  B  one  can  make  a  circle  which  lies 
tangential  to  the  circle  A'  B  K'.  Should,  on  the  other  hand, 
the  prop  be  at  A,  the  circle  A'  B  K  is  crossed  by  a  circle  that 
is  described  with  A  B. 

The  correctness  of  these  explanations  can  easily  be  proved 
by  a  model  in  wood  or  iron. 
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In  the  joints  of  the  rays  of  the  stickleback  and  some 
shad-fish,  these  props  are  distinctly  shown,  because  only  the 
upper  part  of  the  sheath  in  which  the  sword-formed  points 
of  the  fin  rays  lie  is  bone.  The  under  part  of  the  sheath 
is  of  a  soft  sinewy  covering. 

Should  the  reader  have  the  opportunity  of  having  a  stickle- 
back in  his  hand,  he  will,  after  these  explanations,  have  no 
difficulty  in  laying  down  the  upright  fin  with  the  help  of  a 
pin-point,  as  he  knows  the  spot  on  the  joint  of  the  spine  where 
he  must  press. 

The  click  mechanism  of  the  ventral  fin  of  Triacanthus  (fig.  8) 
is  quite  different  from  those  already  described.  On  the  back 
side  of  the  ventral  fin  is  to  be  found  a  spur-like  bone 
elongation  (fig.  3,  click  elongation).  If  one  moves  the  fin 
backwards  and  forwards  this  elongation  slips  up  and  dowfi. 
This  bony  wall  stands  in  a  sloping  direction  so  that  the 
elongation  slips  down  when  one  raises  the  fin;  on  the  other 
hand,  it  must  slip  up  when  the  fin  has  to  be  laid  down,  therefore 
one  can  only  lay  it  when  one  turns  it  round  its  longitudinal 
axis  so  that  the  elongation  is  raised  from  the  bony  wall.  It 
resembles  a  door  standing  over  a  sloping  floor ;  when  such  a 
door  has  sunk  it  is  only  possible  to  raise  it  by  its  hinges. 

The  spine  of  the  three-spiked  Triacanthus  shows,  again,  a  third 
kind  of  double  friction  stop.  Behind  the  dorsal  spine  of  the 
fish  there  is  a  small  sharp  bone  continuation  (fig.  9,  side 
view)  which  fits  precisely  into  a  wedge-shaped  opening.  In 
fig.  9  the  opening  is  shown  by  means  of  the  removal  of  the 
side  bones.  The  raised  spine  can  therefore  only  be  lowered 
when  it  moves  exactly  in  its  plane  of  revolution.  Only  the 
slightest  side  movement  is  necessary  to  fix  it. 

These  running  catch  mechanisms  in  two  parts  form  the 
three  principal  kinds  of  stops  which  are  found  in  fish  fins.  In 
these  are  found  very  many  deviations  that  often  are  so  im- 
portant as  to  be  with  difficulty  referred  to  one  of  the  primary 
forms  ;  but  these  deviations  are  of  importance  to  the  natural 
philosopher  and  the  mechanician.  The  natural  philosopher 
gains  through  them  an  understanding  of  many  differences 
of  form  which  were  formerly  for  him  a  closed  book.  He  is 
in  a  position  to  give  a  mathematical  explanation  why  certain 
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forms  of  spines  are  forthcoming,  which  for  him  formerly  only 
pointed  to  a  difference  in  the  outward  appearance.  But  the 
mechanician  can  see  in  these  differences  in  the  click  mechanism 
many  natural  devices.  It  is  a  striking  fact  that  fish  radiants 
in  two  parts  are  more  frequent  than  those  in  three  parts, 
and  this  shows  clearly  the  difference  between  artificial  and 
natural  mechanism. 

Eunning  catch  mechanisms  in  two  parts  can  only  be  used 
where  they  can  be  constantly  overlooked  and  fixed.  This  con- 
stant regulating  is,  for  an  animal,  easy,  through  the  help  of 
the  muscles ;  in  machinery  it  is  impossible.  Here  the  click 
mechanism  in  three  parts  only  affords  sufficient  surety.  Of 
course  this  surety  is  attended  with  some  inconvenience,  and 
although  this  is  not  important  in  many  machines,  still,  some- 
times the  engineer  must  painfully  feel  his  inability  to  make  use 
of  the  easily-used  clicks  in  two  parts,  such  as  we  admire  in  the 
spines  of  a  stickleback.  Quick  as  lightning  he  can  raise  his 
spines  against  an  enemy  and  firmly  hold  them,  and  even  when 
dead  they  remain.  In  the  clicks  of  the  Monacanthus  in  three 
parts  such  elasticity  is  not  attainable  and  also  not  requisite. 
These  dull  fish  swim  badly,  and  move  their  fins  little  back- 
wards and  forwards.  They  hold  their  fins  either  raised  up  or 
perfectly  laid  down.  We  see,  therefore,  that  the  choice  of  the 
click  mechanism  in  nature  is  made  exactly  according  to  the 
uses  they  are  destined  to  fill.  For  these  uses  the  click 
mechanisms  in  two  parts  are  better  suited  than  those  in  three 
parts.  They  are  simpler,  and  therefore  freer  from  functional 
derangements  than  those  in  three  parts.  In  the  first  place, 
those  in  two  parts  offer  fewer  defects  ;  secondly,  the  removal  of 
causes  of  interruption  in  the  simpler  stops  in  two  parts  is  easier 
than  in  the  more  complex  stops  in  three  parts.  Injury,  inflam- 
mation, and  swelling  must  certainly  occur  in  the  joints  of  the 
fins  very  frequently,  as  is  shown  by  the  broken  and  scarred 
fins  that  one  so  often  finds  on  fish. 

We  see  also  in  the  click  mechanisms  of  fish  that  nature, 
through  simplifying,  prevents  their  deranging.  And  also  here 
the  engineer  can  learn  from  nature  through  the  simphcity  of 
his  mechanism  to  avoid  functional  derangements.  Naturally 
he   can   only    borrow   from   nature    the   primary    idea  for  his 
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mechanical  work.  Only  then  can  these  primary  ideas  bear 
fruit  when  he  knows  how  to  adapt  them.  Unfortunately,  too 
often  through  thoughtless  copying  of  nature  many  valuable 
ideas  become  useless. 

Natural  philosophers  have  long  acknowledged  that  the  ex- 
perience and  knowledge  of  the  scientist  is  absolutely  necessary 
for  them.  The  same  laws  by  which  our  houses  and  machinery 
are  built  come  also  into  play  in  the  growth  of  the  animal 
body.  Only  an  exact  knowledge  of  these  laws  can  bring  us  to 
a  deeper  understanding  of  the  whole  formation  of  the  animal 
body.  Therefore  it  appears  to  be  of  the  highest  importance 
that  the  relations  between  the  natural  philosopher  and 
scientist  should  be  more  close  than  they  have  been  up  till 
now. 


OBSERVATIONS  ON  THE  STEUCTUEE  OF  THE  THIED, 
EOUETH,  AND  SIXTH  CEANIAL  NEEVES.     By  J.  0. 

Wakelin  Barratt,  M.D.  Lond.,  F.E.C.S.  Eng.,  Pathologist 
to  the  West  Biding  Asylum,  Wahcjleld.  (Plates  XX VII. - 
XXXI.) 

In  the  present  paper  the  structure  of  the  3rd,  4th,  and  6th 
cranial  nerves  in  the  human  subject  is  investigated  according 
to  the  method  already  adopted  in  studying  that  of  the  9th, 
10th,  11th,  and  12th  cranial  nerves.^  That  is  to  say,  the  nerves 
were  first  dissected  out,  from  their  superficial  origin  to  their 
termination  in  muscle ;  they  were  then,  after  hardening, 
sectioned  along  their  whole  length  (the  sections  being  25/x 
thick)  ;  finally,  a  complete  series  of  sections  selected  at  intervals 
of  a  quarter  of  a  millimetre  were  mounted,  the  sections  being 
always  placed  in  the  same  position  relatively  to  each  other  on 
the  slide.  From  a  study  of  these  sections  the  course  and 
arrangement  of  the  nerve-fibres  and  the  situation  and  limits  of 
nerve-cells  or  other  structures  was  ascertained,  and  the  nerve 
itself  reconstructed,  knowledge  being  in  this  way  acquired  of  the 
constitution  of  the  nerve  studied,  over  and  above  that  gained  by 
the  most  careful  dissection. 

The  staining  methods  adopted  for  serial  sections  included 
Marchi  staining,  with  or  without  erythrosin  counter-stainiug, 
carmine  staining  in  bulk,  and  aniline  blue-black  staining  in  bulk. 
In  addition  to  serial  sections,  portions  of  the  nerves  were 
stained  specially  by  Nissl's  and  Cox's  methods  (for  nerve-cells), 
with  methylene-blue  and  safranine,  and  by  Stroebe's  method 
(in  investigating  details  of  structure  respecting  nerve-fibres) ; 
and  by  Weigert's  neuroglia-stain  (in  studying  the  vestigial 
structures). 

In  all,  four  3rd  nerves  (three  right  and  one  left),  four  4th 
nerves  (two  right  and  two  left),  and  three  6th  nerves  (two  right 
and  one  left)  were  cut  in  serial  section  along  their  whole  length. 

^  Journal  of  Anatomy  and  Ph»/.nology,  1898,  xxxii.  pp.  422-427.  Also 
Arch,  of  Neurol,  of  the  London.  County  Asylums,  1899,  pp.  537-552. 
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Four  of  the  nerves  thus  sectioned  are  represented  m  figs.  1,  2, 
4,  and  5,  In  addition  to  these,  a  large  number  of  nerves  and 
ciliary  ganglia  have  been  examined  in  simple  transverse  and 
longitudinal  section,  in  respect  of  various  details  of  structure. 

The  Third  Cranial  Nerve. 

The  3rd  cranial  nerve  (figs.  1  and  2)  at  its  origin  consists 
of  numerous  fine  roots,  which,  though  in  contact  with  each 
other,  are  not  closely  bound  together,  and  can  be  readily  sepa- 
rated. Mixed  with  the  nerve  rootlets  are  little  collections  of 
granular  amorphous  material  (fig.  1,  vest.  str.  ;  fig.  2,  v.s.) 
which  are  found  to  be  situated  chiefly  towards  the  inner  aspect 
of  the  nerve  trunk,  and  which  extend  from  its  origin  onwards  for 
a  distance  of  about  eight  millimetres  (see  sketch  of  nerve  to 
left,  figs.  1  and  2).  These  are  further  described  in  a  subse- 
quent paragraph. 

The  nerve  is  invested  by  the  arachnoid  coat  at  fifteen  to 
twenty  millimetres  from  its  superficial  origin,  and  by  the  dura 
mater  at  twenty  to  twenty-five  millimetres  from  its  origin. 
The  latter  surrounds  the  nerve  loosely  for  a  short  distance 
before  eusheathing  it.  The  main  trunk  remains  without  giving 
off  or  receiving  any  branches  until  it  is  leaving  the  cavernous 
sinus,^  when  it  divides  at  about  thirty-seven  millimetres  from 
its  superficial  origin  (figs.  1  and  2)  into  superior  and  inferior 
division,  both  of  which  at  a  lower  level  break  up  into  numerous 
branches,  which  become  embedded  in  the  muscles  to  which  they 
are  distributed.  The  inferior  division  of  the  3rd  nerve  gives 
off  the  short  root  of  the  ciliary  ganglion  at  level  forty-eight  on 
the  millimetre  scale,  fig.  1,  and  at  nearly  the  same  level  in  fig. 
2.  The  cihary  ganglion  is  one  to  two  millimetres  long,  and  is 
met  with  at  about  fifty-two  and  a  half  millimetres  from  the 
superficial  origin  of  the  nerve.  Not  only  the  ganglion  itself,  but 
also  its  short  root  and  the  ciliary  nerves  contain  ganglion  cells. 
These  are  indicated  in  number  and  distribution  by  the  dotted 
diagram  lying  to  the  left  of  the  sketch  of  the  3rd  nerve  shown 

1  According  to  the  description  of  this  nerve  given  in  text-books  of  anatomy,  it 
communicates  in  the  cavernous  sinus  witli  the  cavernous  plexus,  and  also  receives 
a  communicating  branch  from  the  first  division  of  the  fifth.  I  have  not  been 
able  to  confirm  this  statement  by  a  stmly  of  transverse  sections. 
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in  fig,  1,  between  levels  forty-eight  and  fifty-seven  on  the 
millimetre  scale,  and  by  the  similar  diagram  in  fig.  2  at  the 
levels  forty-nine  to  fifty-seven. 

Turning  now  to  a  study  of  the  nerve  in  transverse  section,  it 
is  found  (figs.  1  and  2)  that  the  rootlets  of  origin  (which  from 
their  number  and  complexity  cannot  be  individually  represented 
in  sections  ten,  fifteen,  and  twenty)  become  more  and  more 
closely  bound  together  when  the  nerve  receives  its  fibrous 
sheath,  until  in  section  thirty-five  the  nerve  presents  a  fairly 
uniform  appearance,  with  very  few  septa.  Shortly  afterwards 
the  two  main  divisions  of  the  nerve  appear,  the  superior  almost 
immediately,  and  the  inferior  a  little  later,  breaking  up  into 
terminal  bundles,  which  enter  the  various  muscles  which  they 
supply. 

The  superior  division  of  the  3rd  nerve  is  seen  to  form  the 
outer  portion  of  the  main  trunk,  while  the  inferior  division  forms 
the  inner  part  (fig.  1).  The  amorphous  material  lying  among 
the  nerve  fibres  (fig.  1,  vest.  dr. ;  fig.  2,  v.s.)  is  situated  in  the 
inferior  division,  whence  also  the  short  root  of  the  ciliary 
ganglion  arises. 

The  nerve  fibres  of  the  3rd  cranial  nerve  consist,  at  its 
origin  in  the  cavernous  sinus  (levels  eighteen  to  thirty-five,  fig.  2), 
and  in  the  various  branches  of  the  upper  and  lower  divisions,  of 
large  medullated  fibres,  having  a  diameter  of  11/x  to  15/x,  and  of 
small  medullated  fibres,  3^  to  5^  in  diameter  (fig.  3,  a,  h,  c).  The 
proportion  between  the  two  varies  somewhat  in  different  places 
in  the  same  section,  but  generally  speaking  there  are  nearly 
three  times  as  many  large  medullated  as  small.  In  the  situation 
of  the  amorphous  granular  material  already  referred  to,  namely, 
near  the  superficial  origin  of  the  nerve,  small  medullated  fibres 
are  rather  numerous.  The  short  root  of  the  ciliary  ganglion 
consists  chiefly  oF  small  medullated  fibres  oij.  in  diameter,  only  a 
small  number  of  larger  medullated  fibres,  ^/j.  in  diameter,  being 
met  with.  The  small  medullated  fibres  in  the  short  root  of  the 
ciliary  ganglion  are  fairly  uniform  in  size.  The  fibres  of  the 
ciliary  nerves  are  of  the  same  size,  or  slightly  larger  than  those 
in  the  short  root ;  they  are  mostly  small  medullated  fibres,  3^  to 
6/x  in  diameter,  but  larger  fibres,  7/*  to  11/x,  in  diameter,  are  also 
present.      The   nerve-fibres   in    the   long    roi)t    of    the   ciliary 
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ganglion  are  similar  to  those  in  the  short  root,  small  medullated 
fibres,  3/x  to  4/a  in  diameter,  largely  preponderating.  It  must 
be  borne  in  mind,  however,  that  the  size  of  the  nerve-fibres,  as 
also  of  the  nerve-cells,  is  influenced  by  any  stretching  to 
which  the  main  trunk  and  its  branches  may  have  been  sub- 
jected prior  to  hardening,  and  also  by  the  methods  of  harden- 
ing, cutting,  and  mounting  employed.  The  same  remark  applies 
also  to  the  measurements  given  of  the  fibres  of  the  4th  and 
6th  cranial  nerves. 

The  nerve-cells  of  the  ciliary  ganglion  (fig.  3,  h)  are  30/x  to  45/x 
in  diameter.  They  contain  a  large  nucleus  and  nucleolus,  have 
a  fairly  even  outline,  are  surrounded  by  a  multi-nucleated  capsule, 
and  in  their  general  aspect  resemble  the  cells  of  the  ganglia  of 
the  9th  and  10th  cranial  nerves,  and,  like  these,  are,  as 
already  mentioned,  not  confined  to  the  region  in  which  a  visible 
swelling  is  present,  but  extend  backwards  along  the  short  root 
and  forwards  along  the  ciliary  nerves,  as  indicated  in  the 
diagrams  in  figs.  1  and  2,  so  that  our  conception  of  this  ganglion 
formed  from  the  study  of  transverse  sections  becomes  more 
complex  than  that  afforded  by  ordinary  dissection. 

The  chromophile  material  of  the  cell  bodies  is  shown  by 
Nissl's  method  to  be  diffused  in  a  pulverulent  form,  with  a 
tendency  to  a  concentric  arrangement  about  the  nucleus. 
Pisment  is  also  found  in  certain  cases  in  the  cell  bodies. 

The  collections  of  amorphous  granular  material  found  in  the 
nerve  near  its  superficial  origin  (fig.  1,  vest.  str. ;  fig,  2,  v.s. ; 
fig.  3,  a)  resemble  in  size  and  arrangement  collections  of  nerve- 
cells  very  closely.  Their  existence  has  been  long  known,^  and 
they  have  been  regarded  as  vestigial  in  nature.  Gaskell,-  from 
a  study  of  ancestral  development,  regards  them  as  representing 
anterior  root  ganglia,  and  gives  the  same  interpretation  to  the 
finely  fibrillar  material  which  he  has  also  found  in  a  similar 
situation  in  the  4th,  5th  (motor),  6th,  and  7th  cranial  nerves. 
It  is  interesting  to  note  that  this  material  is  situated  towards 

1  Thomsen,  "  Uebev  eigenthiimliche  aus  veriiiiderten  Ganglienzelleu  hervor- 
gegangene  Gebilde  in  den  Stiimmen  der  Hirnnerven  des  Menschen  ''  (one  plate), 
Virch.  Arch.,  B.  eix.  S.  459.  This  author  describes  these  structures  in  the  3rd, 
6th,  and  7th,  but  not  in  the  4th,  cranial  nerves. 

-  "  On  the  relation  between  the  structure,  function,  distribution,  and  origin  of 
cranial  nerves,"  etc.,  Journ.  of  Physiol.,  1889,  x.  pp.  153-211. 
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the  inner  aspect  of  the  3rd  nerve,  lying  near  those  fibres  of  the 
inferior  division  of  this  nerve,  from  among  which  the  short  root 
of  the  ciliary  ganglion  arises  (cp.  fig.  1,  sect.  5,  and  succeed- 
ing sections).  I  have  made  repeated  attempts  to  demonstrate 
the  existence  of  neuroglia  fibres  in  the  amorphous  material  by 
Weigert's  neuroglia  stain,  but  so  far  I  have  been  uniformly 
unsuccessful.  The  amount  of  this  material  varies  much.  It  is 
sometimes  obtrusive  from  its  abundance,  while  in  other  cases 
it  is  very  small  in  amount,  and  sometimes  transverse  sections 
fail  to  reveal  any  trace  of  its  existence.  Its  presence  is  much 
more  readily  exhibited  in  transverse  than  in  longitudinal 
sections. 

Non-meduUated  fibres  are  found  in  the  3rd  nerve,  both  in  the 
fibrous  sheath  and  in  the  main  trunk  among  the  medallated 
fibres,  but  in  the  latter  situation  usually  quite  at  the  periphery, 
and  in  contact  with  the  nerve-sheath. 

The  Fourth  Cranial  Nerve. 

The  4th  cranial  nerve,  like  the  3rd  nerve,  consists  at  its 
origin  of  separate  rootlets,  which  remain  in  contact  with  each 
other,  without,  however,  any  close  union  (fig.  4).  The  dura 
mater  invests  the  nerve  at  about  forty  millimetres  from  its 
superficial  origin  (fig.  4,  sect.  40),  when  the  separate  bundles 
of  which  it  is  made  up  blend  together,  and  the  transverse 
section  becomes  nearly  uniform  in  aspect,  with  very  few  septa 
(sections  40  to  70),  until  the  nerve  approaches  to  its  termination 
(sections  75  to  85).  Very  few  bundles  come  into  intimate 
relation  with  the  4th  nerve.  A  study  of  a  complete  series  of 
transverse  sections  shows  that,  at  any  rate  in  the  four  nerves 
upon  which  the  present  observations  are  based,  no  branches  can 
properly  be  said  to  be  given  off  from  or  to  join  the  main  trunk, 
with  the  exception  of  the  meningeal  branch,  which  is  seen  to 
join  the  nerve  at  about  thirty  millimetres  from  its  superficial 
origin  (fig.  4,  sketch  of  the  nerve,  and  sect.  35).  It  accom- 
panies the  main  trunk  for  nineteen  millimetres,  when  it 
perforates  the  outer  sheath,  lying  first  upon  the  surface  of  the 
fibres  (fig.  4,  sect.  50) ;  then  passing  in  towards  the  centre  of 
the  main  trunk,  and  becoming  lost  at  a  distance  of  about  fifty-one 
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millimetres  from  the  commencement  of  the  nerve.  I  have 
attempted  to  trace  the  fibres  beyond  this  point,  but  always 
unsuccessfully. 

In  addition  to  the  meningeal  branch,  two  other  exceedingly 
fine  twigs  (fig.  4,  h,  c)  join  the  main  trunk  at  about  forty  milli- 
metres from  its  superficial  origin.  They  accompany  the  main 
trunk  for  twelve  or  fourteen  millimetres,  lying  in  the  layers  of 
the  nerve-sheath,  and  then  separate,  without  at  any  time 
blending  with  the  proper  fibres  of  the  4th  nerve,  or  losing 
their  own  identity.^ 

The  fibres  making  up  the  4th  nerve  are  mostly  large 
medullated,  12^  to  19/x  in  diameter,  together  with  a  fewer 
number  of  small  medullated  fibres,  4/^  in  diameter,  the  former 
being  about  three  times  as  numerous  as  the  latter.  A  section 
of  the  4th  nerve  resembles  so  closely  the  section  represented 
in  fig.  3,  c,  as  regards  the  appearance  of  its  fibres,  that  it  has 
been  considered  unnecessary  to  make  any  special  sketch  of  this 
nerve  in  transverse  section.  No  non-medullated  fibres  are 
found  in  the  main  trunk.  The  meningeal  branch  consists 
chiefly  of  exceedingly  small  medullated  fibres,  3/x  to  4/>t  in 
diameter,  together  with  a  smaller  number  of  large  medullated 
fibres,  7/x  to  8^^  in  diameter.  This  nerve  resembles  the  short 
root  of  the  ciliary  ganglion  very  closely  as  regards  the  aspect  of 
its  nerve-fibres.  The  branches  h  and  c,  fig.  4,  are  similarly  con- 
stituted to  the  meningeal  branch. 

A  vestigial  structure  has  been  described  in  the  4th  nerve 
at  its  origin.-  I  have  met  with  some  well  defined  granular  or 
slightly  fibrillar  material,  similar  to  that  seen  in  the  3rd  nerve, 
in  all  of  the  4th  nerves  I  have  examined,  at  their  superficial 
origin,  but  not  in  any  other  part  of  their  extra-cranial  course. 

The  Sixth  Cranial  Nerve. 

The  6th  cranial  nerve,  like  the  two  preceding  nerves,  con- 
sists at  its  origin  of  numerous  rootlets  (fig.  5,  sections  5  and  10). 

1  In  text-books  on  anatomy  the  fourth  nerve  is  described  as  conimnnicating 
with  the  cavernous  plexus  in  the  cavernous  sinus,  and  as  giving  oft"  in  tlie 
spheroidal  fissure  a  branch  which  blends  with  the  lachrymal  nerve.  Perhaps  the 
nerves  above  described  represent  these.  From  tlie  extreme  smallness  of  these 
twigs  it  is  impossible  te  dissect  them  to  their  destination  during  removal. 

'■^  Loc.  cit. 
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These  become  invested  by  the  arachnoid  membrane  when  the 
nerve  has  reached  a  length  of  ten  millimetres,  and  by  the  dura 
mater  about  five  millimetres  further  on.  Until  it  approaches 
its  termination  in  the  external  rectus  muscle  of  the  eyeball 
(fig.  5,  sections  55  to  65)  no  large  branches  are  given  off  from 
the  fibres  of  the  main  trunk  proper,  though  a  few  exceedingly 
small  twigs  composed  of  small  medullated  fibres,  with  a  few 
medium-sized  medullated  fibres  among  them,  join  the  main 
trunk  at  twenty-five  millimetres  from  its  origin,  leaving  it  again 
about  ten  millimetres  further  on.  In  text-books  on  anatomy 
the  6th  nerve  is  described  as  communicating  with  the  carotid 
and  cavernous  plexuses,  and  with  the  ophthalmic  branch  of  the 
5th.     Probably  these  small  twigs  are  the  branches  referred  to. 

Towards  its  termination  the  6th  nerve  divides  into  several 
sets  of  branches  (fig.  5,  sect.  60). 

At  the  superficial  origin  of  the  6th  nerve  a  small  amount  of 
amorphous  granular  material  may  be  recognised;  occasionally 
careful  examination  fails  to  reveal  its  presence.  This  material, 
which,  as  has  already  been  stated,  is  regarded  as  vestigial  in  its 
origin,  can  only  be  demonstrated  when  extreme  care  is  taken  in 
the  manipulation  to  which  the  nerve  is  subjected. 

The  medullated  fibres  of  this  nerve  range  from  IIjul  to  IT^a 
for  the  largest  fibres,  and  ojul  to  6^  for  the  smallest. 


DESCRIPTION   OF  PLATES  XXVII. -XXXI. 

Fig.  1.  A  series  of  transverse  sections  of  the  right  3rd  cranial 
nerve,  taken  at  intervals  of  five  inillimetres,  from  its  superficial  origin 
to  the  termination  of  its  muscular  branches.  On  the  left  is  seen  a 
magnified  sketch  of  the  nerve,  accompanied  by  a  millimetre  scale, 
also  magnified.  The  niunbers  given  to  the  transverse  sections  corre- 
spond to  the  various  levels  on  the  millimetre  scale. 

The  second  transverse  section  (5)  exhibits  a  collection  of  amor 
])hous  material,  vest,  str.,  the  limits  of  wliich  are  also  shown  in  the 
diagram  of  the  nerve,  and  which  is  present  in  less  amount  than  in 
the  succeeding  figure.  The  jDosition  of  the  fibres  of  the  inferior 
division,  inf.  div.,  passing  to  the  ciliary  ganglion  is  indicated  by  the 
shaded  area  in  sections  (5)  to  (45).  Tlie  pia-araclnioid  is  seen  covering 
the  main  trunk  at  about  twenty  millimetres  from  its  origin,  and  the 
dura    mater,   d.m.,  becomes    closely  applied   to  it   five  millimetres 
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further  on.  The  superior  division  of  the  nerve,  stip.  div.,  becomes 
distinct  from  the  inferior  at  level  40  on  the  millimetre  scale.  The 
ciliary  ganglion  is  situated  between  levels  48  and  51,  and  the  limits 
within  which  its  nerve-cells  are  distributed  are  shown  in  the  dotted 
diagram  lying  by  the  side  of  the  main  trunk.  Section  (50)  exhibits 
the  ciliary  ganglion,  the  nerve-cells  of  which  are  represented  by  dots. 
In  sections  (50)  and  (55)  many  of  the  terminal  branches  of  the  nerve  lie 
among  the  muscle  fibres  to  which  they  are  distributed. 

The  diagram  of  the  nerve  and  the  millimetre  scale  accompanying 
it  are  each  magnified  three  diameters.  The  transverse  sections,  which 
are  cut  to  a  thickness  of  25/x,,  and  are  stained  with  osmic  acid,  are 
magnified  sixteen  diameters. 


*&' 


Fig.  2.  A  series  of  transverse  sections  of  another  right  3rd 
cranial  nerve,  taken  at  intervals  of  five  millimetres  from  its  super- 
ficial origin  to  the  termination  of  its  branches  in  the  muscles  to  which 
these  are  distributed.  To  the  left  is  seen  a  sketch  of  the  nerve 
slightly  magnified,  accompanied  by  a  millimetre  scale,  equally 
enlai-ged,  indicating  the  various  levels  at  which  the  transverse  sections 
are  made. 

In  the  fiirst  transverse  section  (5)  is  seen  the  vestigial  structure, 
V.S.,  found  in  this  nerve  close  to  its  superficial  origin.  In  this  and 
the  succeeding  sections  the  position  of  the  short  root  of  the  ciliary 
ganglion,  cil.  (lang.,  and  the  superior  and  inferior  divisions  of  the  main 
trunk,  sup.  div.  and  inf.  div.,  are  indicated.  The  two  divisions  of  the 
3rd  nerve  become  distinct  from  one  another  in  section  (40),  and  the 
short  root  of  the  ciliary  ganglion  has  separated  from  the  inferior 
division,  and  already  contains  nerve-cells  in  section  (50).  In  the  nerve 
here  represented,  the  short  root  is  unusually  long ;  in  all  the  other 
nerves  examined  it  was  so  short  that  the  ciliary  ganglion  was  almost 
sessile  on  the  nerve  as  in  the  preceding  figure.  In  section  (52)  the 
ciliary  ganglion  is  cut  across  and  its  long  root  is  also  seen.  In  section 
(55)  the  ciliary  nerves  are  seen,  and  the  inferior  division  of  the  main 
trunk  has  become  diminished  in  size,  having  given  off  some  muscular 
branches.  The  superior  division  is  embedded  in  muscle  in  the  last 
four,  as  is  also  the  inferior  division  in  the  last  section. 

The  sketch  of  the  nerve,  reconstituted  from  the  transverse 
sections,  on  the  left,  shows  the  commencement  of  the  main  trunk  in 
sejDarate  roots,  not  surrounded  by  a  fibrous  sheath,  and  containing  a 
vestigial  structure,  the  size  and  limits  of  which  between  the  limits  0 
and  8  are  indicated  by  the  accompanying  columns  of  dots  tailing  off 
above  and  below.  The  dura  mater  surrounds  the  nerve  for  a  few 
millimetres  before  it  finally  ensheathes  it  at  level  21.  The  two 
divisions  become  separate  at  level  37,  the  short  root  of  the  ciliary 
ganglion  is  formed  at  48  and  passes  into  the  ciliary  ganglion,  e.g.,  at 
level  51.  The  ganglion  receives  its  short  root  at  52|  and  terminates 
at  53i.  By  the  side  of  the  ganglion  is  a  diagram  indicating  the  relative 
number  and  the  situation  of  the  nerve-cells  in  the  ciliarv  srano'lion. 
its  long  root  and  the  cniary  nerves.  The  superior  division  is  seen 
to  pass  into  muscle  at  level  50  and  the  inferior  division  at  level  59. 
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The  transverse  sections  were  25ja  in  thickness,  were  stained  by 
osmic  acid,  and  are  magnified  six  diameters.  The  diagram  of  the 
nerve  and  the  milhmetre  scale  accompan3'ing  it  are  each  magnified 
two  and  a  half  diameters. 

Fig.  3,  a.  A  portion  of  section  (5),  fig.  2,  more  highly  magnified 
to  show  the  arrangement  of  the  granular  material  (fig.  2,  v.s.), 
exhibiting  no  definite  structure,  and  often  arranged  in  masses  of 
about  the  same  diameter  as  nerve-cells  (cp.  fig.  3,  b).  It  is  this 
material  which  is  regarded  as  a  vestigial  ganglion  by  some  observers. 
The  nerve-fibres  seen  in  the  section  are  mostly  large  medullated 
(about  14/x  in  diameter),  but  are  mixed  with  a  few  small  medullated 
fibres.     Osmic  acid  staining.      x  150. 

b.  The  short  root  of  the  ciliary  ganglion  shown  in  section  (50), 
fig.  2,  more  highly  magnified  to  show  the  nerve  fibres  and  cells. 
The  former  are  chiefly  small  medullated  fibres,  though  a  few  medium- 
sized  fibres  are  seen,  especially  towards  the  upper  part  of  the  section. 
Many  of  the  fibres  are  cut  across  somewhat  obliquely.  Eight  nerve- 
cells  are  seen,  in  three  of  which  the  nucleus  is  recognisable.  Osmic 
acid  staining.      x  190. 

c.  One  of  the  branches  of  the  sviperior  division  of  the  3rd  nerve, 
taken  from  fig.  2,  section  (45),  more  highly  magnified.  The  nerve- 
fibres  are  mostly  large  medullated  (12/x  in  diameter),  but  smaller 
medullated  fibres  are  also  met  with,  the  latter  varying  in  number  in 
difterent  situations,  but  generally  being  about  one-third  as  numerous 
as  the  former.     Osmic  acid  staining.      x  190. 

Fig.  4.  A  series  of  transverse  sections  of  the  4th  cranial  nerve, 
taken,  as  in  figs.  1  and  2,  at  intervals  of  five  millimetres  from  its 
superficial  origin  to  its  termination.  To  the  left  is  seen  a  sketch  of 
the  nerve,  drawn  to  scale,  reconstituted  from  a  complete  series  of 
sections  mounted  at  intervals  of  one-quarter  of  a  millimetre. 

The  first  sections  show  the  various  fibrils  of  which  the  nerve  is 
made  up,  placed  loosely  side  by  side,  but  not  bound  together  by  a 
fibrous  sheath,  the  dura  mater  first  investing  the  nerve  in  section  (40). 
The  meningeal  branch,  a,  is  seen  in  sections  (35)  to  (50).  Two  smaller 
branches,  b  and  r,  are  to  be  seen  accompanying  the  main  trunk  in 
sections  (40),  (45),  and  (50).  Except  in  section  (50),  where  the  nerve 
divides  into  two  bundles,  one  large  and  one  small  (a  similar 
arrangement  was  found  in  another  of  the  nerves  examined  in  serial 
section,  but  in  a  difterent  situation),  the  main  trunk  shows  little 
tendency  to  break  up  until  near  its  termination,  in  section  (75).  The 
last  two  sections  are  embedded  in  the  muscle  to  which  the  nerve  is 
distributed.  At  eighty-five  millimetres  from  its  commencement 
most  of  the  bundles  into  which  the  main  trunk  has  divided  have 
usually  already  reached  their  termination,  so  that  only  a  few  nerve- 
twigs  still  remain,  section  (85). 

The  sketch  of  the  nerve  on  the  left  exhibits  its  comparatively 
simple  structure.  The  meningeal  branch,  a,  approaches  the  main 
trunk     at     level     33     on     the     milliiuotre     scale,     and     becomes 
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blended  with  it  at  level  50.  Two  other  small  twigs,  b,  c,  join  the 
main  trunk  at  level  40,  run  by  its  side  in  intimate  connection 
with  it  in  the  cavernous  sinus  to  levels  52  to  54,  when  they 
diverge  again,  without  having  fused  with  the  4th  nerve  or  lost 
their  identity.  The  branches  of  distribution  become  embedded 
in  muscle  at  level  80. 

No  granular  amorphous  material,  embedded  in  the  nerve,  is  shown 
in  the  figure. 

The  transverse  sections  were  25/x.  in  diameter,  were  stained  in 
osmic  acid,  and  are  magnified  14  diameters.  The  diagram  of  the 
main  trunk  and  the  millimetre  scale  accompanying  it  are  of  the 
natural  size. 

Fig.  5  exhibits  the  6th  cranial  nerve  in  transverse  section, 
together  with  a  diagram  of  the  nerve  reconstructed  from  a  series 
of  sections  made  at  intervals  of  a  quarter  of  a  millimetre,  as  in  figs. 
1,  2,  and  4. 

In  the  first  three  sections  the  bundles  of  origin  are  seen  lying 
loosely  side  by  side,  not  yet  closely  bound  together  by  the  dura 
mater,  which  is  first  seen  investing  the  nerve  in  section  (20).  With 
the  exception  of  a  few  very  fine  outlying  twigs  seen  in  sections  (25) 
to  (40),  no  branches  are  seen  until  the  nerve  is  near  its  termination, 
sections  (50)  to  (65).  In  section  (65)  only  a  few  of  the  branches  of 
distribution  are  still  to  be  seen. 

The  sketch  of  this  nerve,  like  that  of  the  4th  cranial  nerve  in 
fig.  4,  shows  its  simplicity  of  structure,  corresponding  to  its  distri- 
bution to  a  single  muscle.  The  arachnoid  membrane  joins  the  nerve 
at  about  ten  millimetres  from  its  origin,  and  the  dura  mater  en- 
sheathes  it  about  seven  millimetres  farther  on.  Several  very  small 
nerve-bundles,  composed  chiefly  of  non-medullated  fibres,  come  into 
relation  with  the  main  trunk  at  from  twenty-five  to  twenty-seven 
niillimetres  from  its  origin,  leaving  again  about  ten  millimetres  lower 
down.  With  these  exceptions  the  only  branches  are  those  of  distri- 
bution to  the  external  rectus.  At  about  fifty-five  millimetres  from 
its  origin  the  nerve-branches  enter  this  muscle. 

The  transverse  sections  were  25ya  thick,  were  stained  in  osmic  acid, 
and  are  magnified  14  diameters.  The  diagram  of  the  nerve  and  the 
millimetre  scale  are  of  natural  size. 
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ON  THE  OEIGIN  OF  VEETEBEATES,  DEDUCED  EEOM 
THE  STUDY  OF  AMMOCCETES.  By  Walter  H. 
Gaskell,  M.D.,  LL.D.,  F.E.S.,  University  Lecturer  on 
Physiology ;  Fellow  of  Trinity  Hall,  Camhridye. 

Part  IX. — On  The  Origin  of  the  Optic  Apparatus; 
The  Meaning  of  the  Optic  Nerves. 

In  Part  V.  of  this  series  of  papers  the  explanation  given  of  the 
origin  of  the  eye  muscles  assumed  that  the  pineal  eyes  of  the 
vertebrate  were  homologous  with  the  pair  of  median  eyes  in 
the  Eurypterid,  and  that  the  lateral  eyes  of  the  vertebrate  had 
arisen  directly  from  the  lateral  eyes  of  the  Eurypterid  ancestor. 
The  time  has  now  come  to  consider  the  difficulties  connected 
with  this  assumption,  and  to  discuss  the  probable  mode  of  origin 
of  the  vertebrate  eyes. 

The  Nature  of  the  Arthropod  Eyes. 

Before  commencing  this  task  it  is  advisable  to  consider  the 
nature  of  the  eyes  of  arthropods  according  to  the  opinion  of  the 
present  day.  These  eyes  have  been  divided  into  two  great 
groups — the  so-called  simple  and  compound  eyes  respectively. 
The  eyes  of  arachnids,  both  median  and  lateral,  the  median  eyes 
of  insects  usually  called  ocelli  or  stemmata,  and  the  median  eyes 
of  crustaceans  all  belong  to  the  former  group.  In  fact,  the 
median  eyes  are  in  all  cases  simple,  while  the  lateral  eyes  may 
be  simple  or  compound. 

This  distinction  is  not  in  reality  a  good  one,  as  it  is  still  an 
unsettled  question  whether  the  arachnid  eyes,  for  example,  are 
not  in  reality  compound  in  the  sense  of  being  composed  of  a 
number  of  ommatidia,  though  simple  in  the  sense  of  possess- 
ing only  a  single  corneal  lens.  Then  again,  eyes  have  been 
divided  into  the  two  groups  of  facetted  and  non-facetted  eyes,  a 
division  which  corresponds  largely  to  the  compovmd  and  simple 
eyes  respectively,  and  yet  is  not  entirely  satisfactory  because 
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certain  of  the  lower  crustaceans,  such  as  some  forms  of  Branchi- 
pus,  many  of  the  Gammaridse,  etc.,  possess  undoubtedly  a  single 
corneal  lens,  and  at  the  same  time  an  eye  in  other  respects  of 
the  crustacean  type.  The  more  natural  division  appears  to  me 
to  be  based  on  the  difference  in  the  nature  of  the  retina  in  the 
two  main  groups,  the  one  group  possessing  a  simple,  the  other 
a  compound  retina. 

Throughout  the  animal  kingdom  the  word  '  retina '  is  used  in 
two  senses,  viz. : — 

1.  In  the  strictly  proper  sense,  as  a  layer  of  ceils  bearing 
visual  rods — the  retinal  end  cells.  The  retina  in  this  sense 
forms  the  special  sense  terminations  of  the  fibres  of  the  optic 
nerve.  Such  a  retina  may  be  called  a  simple  retina,  and  is 
characteristic  of  all  simple  non-facetted  eyes. 

2.  In  the  sense  in  which  it  is  used  in  vertebrate  anatomy, 
viz.,  a  complicated  structure  composed  of  the  retina  in  the 
strict  sense,  i.e.  the  layer  of  cells  bearing  visual  rods,  and  other 
layers  belonging  to  the  central  nervous  system.  Such  a  retina  is 
clearly  compounded  of  the  true  or  simple  retina  and  a  retinal 
ganglion,  and  may  be  called  a  compound  retina.  It  is  character- 
istic of  all  compound  facetted  eyes,  the  vertebrate  lateral  eyes, 
and  the  lateral  eyes  of  various  lowly  crustacean  forms  which 
possess  a  compound  eye  as  far  as  the  retina  is  concerned,  and 
yet  a  simple  cornea. 

With  respect  to  the  first  type  of  eye,  the  evidence  is  Quite 
conclusive  that  the  retinal  cells  are  derived  from  the  peripheral 
epidermal  cells,  the  cells  of  the  so-called  hypodermis,  the  cuticle 
of  these  cells  forming  the  cuticular  part  of  the  visual  rods. 
Originally,  at  the  first  formation  of  the  eye,  the  optic  portion 
of  the  brain,  which  is  called  the  optic  ganglion,  is  formed  in  close 
contact  with  the  cominencing  retina  or  optic  plate,  and  subse- 
quently, as  the  brain  sinks  below  the  surface,  the  optic  ganglion 
travels  with  it,  leaving  as  a  connection  between  the  ganglion 
and  the  retina  the  strand  of  fibres  known  as  the  optic  nerve. 

In  the  second  type  of  eye  the  process  starts  in  the  same  way, 
but  when  the  brain  withdraws  away  from  the  surface  a  portion 
of  the  optic  ganglion  is  left  behind  in  close  contact  with  the 
retina,  forming  the  retinal  ganglion,  so  that  the  stalk  which 
remains,  in  consequence  of  the  withdrawal,  as  the  connection 
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between  this  compound  retina  and  the  brain,  forms  the  optic 
nerve  of  this  type,  and  is  clearly  homologous,  not  with  the  optic 
nerve  of  the  simple  eye,  but  with  the  connection  between  the 
whole  or  part  of  the  optic  ganglion  and  the  brain  in  type  I. 

The  ditfereuce  between  the  development  of  these  two  types  of 
eye  has  led  in  the  most  natural  manner  to  the  conception  that 
the  retina  is  developed  in  the  animal  kingdom  sometimes  from 
the  cells  of  the  peripheral  epidermis,  sometimes  from  the  tissue 
of  the  brain,  two  modes  of  development  termed  by  Balfour 
peripheral  and  cerebral.  An  historical  survey  of  the  question 
shows  most  conclusively  that  the  origin  of  the  simple  retina  of 
the  simple  eye  is  universally  ascribed  to  the  peripheral  method 
of  development,  the  retina  being  formed  from  the  hypodermal 
cells  by  a  process  of  invagination,  while  the  cerebral  type  of 
development  has  been  described  only  in  the  development  of  the 
compound  retina  of  the  compound  eye.  The  natural  conclusion 
from  this  fact  is,  that  in  watching  the  development  of  the  com- 
pound retina  it  is  more  difficult  to  differentiate  the  layers  formed 
from  the  epidermal  retinal  cells  and  those  formed  from  the 
epidermal  optic  ganglion  cells  than  in  the  case  of  the  simple 
retina,  where  the  latter  cells  withdraw  entirely  from  the  surface. 
This  is  the  conclusion  to  which  Patten  has  come,  and  indeed, 
judging  from  the  text-book  of  Korschelt  and  Heider,^  is  the 
generally  received  opinion  of  the  day  as  far  as  the  Appendicu- 
lata  are  concerned,  viz.,  the  retina  in  the  true  sense — the  retinal 
end  cells,  with  their  cuticular  rods — is  formed  in  all  cases  from 
the  peripheral  cells  of  the  hypodermal  layer,  the  cuticular  rods 
being  modifications  of  the  general  cuticular  surface  of  the  body ; 
the  apparent  cerebral  development  of  the  retina,  as  quoted  from 
Bobretsky  by  Balfour,-  being  in  reality  the  development  of  the 
retinal  ganglion,  and  not  of  the  retina  proper. 

It  is,  I  imagine,  a  universal  feeling  that  the  natural  mode  of 
origin  of  a  sense  organ  like  an  eye  must  always  have  been  from 
the  cells  forming  the  external  surface  of  the  animal,  and  that 
an  origin  direct  from  the  central  nervous  system  is  a  priori  most 
improbable.  It  is  therefore  a  matter  of  satisfaction  to  find  that 
the  evidence  for  the  latter  origin  has  universally  broken  down, 

^  Ted-Book  of  the  Emhryolorjy  of  ihc  Invertebrates,  part  iii. 
-  Coiii}^  Emhnjolog)!,  vol.  ii.  p.  397. 
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with  the  single  exception  of  the  eyes  of  vertebrates  and  their 
degenerated  allies  ;  a  fact  which  points  strongly  to  the  proba- 
bility that  a  reconsideration  of  the  evidence  upon  which  the 
present  teaching  of  the  origin  of  the  vertebrate  eye  is  based  will 
show  that  here,  too,  a  confusion  has  arisen  between  that  part 
formed  from  the  epidermal  surface  and  from  the  optic  ganglion. 
Such  reconsideration  I  propose  to  give  in  this  paper. 

In  order  to  understand  the  retina  of  the  vertebrate  eyes  it  is 
absolutely  necessary  to  consider  the  nature  of  the  retina  of  the 
cephalic  eyes  of  arthropods.  These  latter  are  in  all  cases 
divisible  into  a  median  and  a  lateral  group,  of  which  the  former 
are  always  non-facetted  eyes  with  a  simple  retina,  and  the  latter 
are  either  facetted  with  a  compound  retina,  as  in  most  crustaceans 
and  insects,  or  non-facetted  with  a  simple  retina,  as  in  arachnids. 

The  Arachnid  Eyes. 

In  the  spiders  we  see  that,  although  all  the  eyes  possess  a 
simple  retina,  two  very  distinct  types  are  found,  as  was  first 
pointed  out  by  Grenacher.^  In  the  one  the  nuclei  of  the  retinal 
layer  are  post-bacillary  in  position,  in  the  other  they  are  pre- 
bacillary;  in  other  words,  if  we  consider  with  Patten  that  the 
retina  is  formed  by  a  process  of  invagination  of  the  hypodermis, 
and  that  the  rods  always  represent  what  was  the  original 
cuticnlar  surface,  then  we  may  describe  in  his  phraseology  the 
eyes  in  Grenacher's  first  group  as  eyes  with  upright  retina ;  in 
the  second  group  as  eyes  with  inverted  retina,  the  rods  being 
on  the  side  of  the  retinal  cell  furthest  away  from  the  source  of 
light,  just  as  in  the  lateral  eye  of  the  vertebrate,  which  also 
possesses  an  inverted  retina.  Moreover,  according  to  Bertkau,- 
the  optic  nerve  fibres  always  enter  the  retinal  cell  at  the  nuclear 
end,  as  must  of  necessity  be  the  case  if  the  rods  are  formed  from 
the  cuticular  surface  of  the  hypodermal  cells,  so  that  in  the 
inverted  eyes  the  optic  nerve  fibres  lie  between  the  retina  and 
the  source  of  light,  just  as  in  the  vertebrate  lateral  eye.  Further, 
it  is  found  that  in  the  eyes  with  inverted  retina  a  marked  post- 

^  Grenadier,   Untcrsuchinujcn  ilher  das  Schor<jun  dcr  AiihrojHxlen,  Gottingeii, 
1879. 

-  Jrchivf.  viikr.  AiiaL,  Bd.  xxvii.,  1886. 
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retinal  layer  exists  characterised  by  pigment  and  coloration, 
which  is  called  the  tapetum,  while  the  existence  of  the  pre- 
retinal  layer  is  very  doubtful.  On  the  contrary,  in  the  eyes 
with  upright  retina,  the  tapetum  is  absent  and  the  pre-retinal 
membrane  is  conspicuous ;  the  eyes  then  are  frequently  classed 
as  tapetal  and  non-tapetal  eyes,  and  it  is  supposed  that  in  the 
tapetal  eye — i.e.,  the  eye  with  inverted  retina — the  image  is 
formed  on  the  tapetum  and  reflected  back  on  to  the  rods  which 
are  in  close  contact  with  the  tapetum.  Similarly,  in  the 
mammalian  lateral  eye,  with  its  inverted  retina,  Johnson^ 
describes  the  post -retinal  pigmental  layer  as  being  frequently 
coloured  and  shiny,  and  imagines  that  it  reflects  the  image 
back  directly  upon  the  rods.  Finally ,  and  this  to  my  mind  is 
very  significant,  the  non-tapetal  eyes  with  upright  retina  are  the 
two  anterior  median  eyes,  while  the  rest  of  the  eyes  are 
tapetal  with  inverted  retina.  These  two  median  eyes  are 
called  by  Bertkau  Hauptaugen  (principal  eyes) ;  they  are  formed 
distinctly  sooner  than  the  remaining  eyes,  called  by  him  Neben- 
augen  (accessory  eyes). 

We  see,  therefore,  that  the  eyes  of  spiders,  like  the  eyes  of 
vertebrates,  fall  naturally  into  two  groups  : — 

1.  A.  median  group,  consisting  of  two  eyes,  which,  judging  from 
their  development,  are  the  most  ancient ;  these,  like  the  two 
median  pineal  eyes  of  vertebrates,  possess  an  upright  retina  and 
no  tapetal  layer,  the  pigment  being  around  the  retinal  cells. 

2.  A  lateral  group,  consisting  of  many  eyes,  which  possess  a 
well-marked  tapetal  layer,  and,  like  the  lateral  eyes  of  verte- 
brates, an  inverted  retina. 

Throughout  this   series  of  papers  the  consideration  of  each 

separate  organ  has  led  to  the  same  conclusion — that  the  ancestor 

of  the  Vertebrates  belonged  to  a  proto-Arachnid  type,  so   that 

it  is  natural  enovigh  to  find   that  the  vertebrate  eyes  present 

resemblances  to  those  of  spiders.     The  important  question  is, 

however,  are  these  resemblances  so  close  as  to  force  us  to  the 

conclusion    that    a    genetic    relationship    exists    between   the 

two  ? 

'  rroc.  Roy.  Sue,  vol.  Ixvi.  p.  474,  19C0. 
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Comparison  of  the   Vertebrate  Median  Eyes  with  the  Median 

Arthropod  Eyes. 

First  I  will  consider  the  median  or  pineal  eyes.  I  need  not 
treat  them  at  any  length,  as  I  have  already  ^  fully  stated  why  I 
consider  them  to  represent  arthropod  eyes  of  the  simple  type 
of  retina.  They  are  exactly  what  one  would  expect  to  find  as 
the  fading  remnant  of  the  "  Hauptaugen."  As  I  have  already 
remarked,  their  discovery  is  the  most  significant  signpost  of  the 
ancestry  of  the  Vertebrate  ;  the  structure  of  the  best  preserved 
of  the  two  eyes — the  right  pineal  eye — in  Ammocoetes  resembles, 
as  I  have  shown  in  my  paper,  that  of  a  median  arthropod  eye, 
with  its  upright  and  simple  retina.  Since  my  first  paper, 
Leydig "'  has  written  a  long  paper  on  the  pineal  eye,  in  which 
he  also  comes  to  the  conclusion  that  it  was  probably  a  median 
eye  of  the  arthropod  type. 

Not  only  is  the  eye  built  up  on  the  type  of  a  median 
arthropod  eye,  but  its  connection  with  the  central  nervous 
system  is  of  precisely  the  character  distinguishing  such  eyes, 
for  its  nerve  is  a  simple  nerve,  arising  from  an  optic  ganglion 
in  exactly  the  same  manner  as  is  so  characteristic  of  all  eyes 
with  a  simple  retina.  Nothing  can  be  more  convincing  than 
the  appearance  of  the  pineal  nerve  in  my  specimens,  as  seen  in 
my  paper,  unless  it  is  the  right  so-called  ganglion  habenulse 
into  which  that  nerve  enters,  for  this  ganglion  presents  the  most 
typical  appearance  of  such  an  optic  ganglion  with  its  cortical 
layer  of  small  granule  cells  arranged  in  rows,  and  its  internal 
medulla  of  fine  reticulated  substance  (Punktsubstanz),  just  as  is 
seen  in  any  picture  of  an  optic  ganglion  of  an  arthropod  eye. 

I  repeat,  then,  that  there  is  no  difficulty  with  respect  to  the 
pineal  eyes.  They  (or,  at  all  events,  the  most  perfect  one  of 
the  pair)  are  absolutely  comparable  both  in  structure  and 
position  to  the  two  anterior  median  eyes  of  the  spiders,  and  so 
with  the  median  eyes  of  the  Arthropoda  generally,  for,  seeing 
the  antiquity  and  universality  of  such  eyes  in  the  group,  there 
is  every  reason  to  consider  the  median  eyes  throughout  as 
homologous. 

1  Q.  J.  Micr.  Scl.,  1890. 

'•'  Das  Parietal  organ  d.  Amphih.  n.  RcptiJ.,  Frankfurt  a.  M.,  1890, 
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It  is  not  necessary  to  suppose  that  they  were  ever  functional 
in  the  Vertebrate,  for  whether  we  look  at  the  Cephalaspids,  or 
at  the  Eurypterids,  or  at  the  living  Limulus,  we  see  in  all  cases 
that  these  median  eyes  are  small,  insignificant,  and  very 
different  to  the  large  lateral  eyes,  and,  judging  from  their 
condition  in  Limulus,^  they  had  already  lost  the  right  to  the 
title  of  principal  eyes,  and  were  in  full  course  of  degeneration 
in  the  merostomatous  ancestors  of  the  vertebrate. 

Comparison  of  the  Comjjound  Retina  of  the  Lateral  Eyes  of 
Arthroiiods  and   Vertebrates. 

Clearly  the  lateral  eyes  of  vertebrates  cannot  be  directly 
compared  with  those  of  arachnids,  for,  as  already  stated,  the 
retina  of  the  former  is  compound,  not  simple,  like  that  of  the 
latter.  In  the  crustaceans,  however,  the  retina  of  the  lateral 
eye  resembles  that  of  the  vertebrate  in  its  possession  of  a 
retinal  ganglion.  It  is,  therefore,  in  this  direction  that  our 
search  for  the  origin  of  the  lateral  eye  of  the  vertebrate  is  most 
likely  to  be  successful,  and,  indeed,  there  is  hardly  a  single 
writer  who  has  described  the  structure  of  the  facetted  eye  who 
has  not  compared  its  layers  with  that  of  the  vertebrate. 

The  foundation  of  our  knowledge  of  the  compound  retina  is 
Berger's  -  well-known  paper,  the  results  of  which  are  summed 
up  by  him  in  the  following  two  main  conclusions. 

1.  The  optic  ganglion  of  the  Arthropoda  consists  of  two 
parts,  of  which  the  one  stands  in  direct  inseparable  connection 
with  the  facetted  eye,  and  together  with  the  layer  of  retinal 
rods  forms  the  retina  of  the  facetted  eye,  while  the  other  part  is 
connected  rather  with  the  brain,  and  is  to  be  considered  as  an 
integral  part  of  the  brain  in  the  narrower  sense  of  the  word. 

2.  In  all  Arthropods  examined  by  him,  the  retina  consists  of 
five  layers,  as  follows  :  — 

(1)  The  layer  of  rods  and  their  nuclei. 

(2)  The  layer  of  nerve  bundles. 

(3)  The  nuclear  layer, 

(4)  The  molecular  layer. 

(5)  Tlie  ganglion  cell  layer. 

^  Lankester  and  Bourne,  Q.  J.  of  Micr.  ScL,  vol.  xxiii.  p.  177. 
-  Arbeit,   a.  >/.  Zo'd.   IiistU.    Wien,   B^i.  i.,  1878. 
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Berger  passes  under  review  the  structure  and  arrangement  of 
the  optic  ganglion  in  a  large  number  of  different  groups  of 
animals,  and  concludes  that  in  all  cases  one  part  of  the  optic 
ganglion  is  always  closely  attached  to  the  visual  end  cells,  and 
this  combination  he  calls  the  retina.  On  the  other  hand,  the 
nerve  fibres  which  connect  the  peripheral  part  of  the  optic 
ganglion  with  the  brain,  the  so-called  optic  nerve,  are  by  no 
means  homologous  in  the  different  groups  ;  for  in  some  cases,  as 
in  many  of  the  stalk-eyed  Crustaceans,  the  whole  optic  ganglion 
is  at  the  periphery,  while  in  others,  as  in  the  Diptera,  only  the 


Fig.  1. — The  retina  of  Mnsca  (after  Berger).  Br.,  brain;  O.n.,  optic  nerve; 
n.l.o.g.,  nuclear  layer  of  ganglion  of  optic  nerve  ;  vi.l.,  molecular  layer 
(Punktsubstanz) ;  n.l.r.g.i.  and  n.l.r.g.o.,  inner  and  outer  nuclear  layers  of 
the  ganglion  of  the  retina  ;  f.hr.r.,  terminal  fibre  layer  of  retina  ;  r.,  layer 
of  retinal  end  cells. 


retinal  ganglion  is  at  the  periphery,  and  the  nerve  stalk  connects 
this  with  the  rest  of  the  optic  ganglion,  which  latter  is  fused  with 
the  main  brain  mass.  In  the  Diptera,  in  fact,  according  to 
Berger,  we  have  an  optic  nerve  and  retina  most  nearly  compar- 
able to  that  of  the  Vertebrate,  For  this  reason  I  give  Berger's 
picture  of  the  retina  of  Musca,  in  order  to  show  the  arrangement 
there  of  the  retinal  layers. 

In  Branchipus  and  other  primitive  Crustacea,  Berger  also 
finds  the  same  retinal  layers,  but  is  unable  to  distinguish  in  the 
brain  the  rest  of  the  optic  ganglion.     Judging  from  Berger's 
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description  of  Branchipus,  and  Bellonci's  of  Spharoma  ^  (c/.  figs. 
7  and  11),  it  would  almost  appear  as  though  the  cerebral  part 
of  the  retina  in  the  higher  forms  originated  from  two  ganglionic 
enlargements,  an  external  and  internal  enlargement,  as  Bellonci 
calls  them  ;  the  external  ganglion  (Op.  g.  I.,  fig.  7)  may  be  called 
the  ganglion  of  the  retina,  the  cells  of  which  form  the  nuclear 
layer  of  the  higher  forms,  and  the  internal  ganglion  (Op.  g.  II., 
fig.  7),  from  which  the  optic  nerve  fibres  to  the  brain  arise,  may 
therefore  be  called  the  ganglion  of  the  optic  nerve.  Bellonci 
describes  how  in  this  latter  ganghon  large  ganglion  cells  are 


ml 
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Fig.  2. — Bipolar  cells  of  nuclear  layer  in  retina  of  Brancliipus  (after  Claus). 
f.hr.r.,  terminal  fibre  layer  of  retina  ;  n.l.r.r/.,  bipolar  cells  of  the  ganglion 
of  the  retina  dinner  nuclear  layer;  vi.l.,  Punktsubstanz  =  inner  molecular 
layer  ;  b.m.,  basement  membrane  formed  by  neurilemma  round  central 
nervous  system. 

found  very  different  to  the  small  ones  of  the  external  ganglion  or 
ganglion  of  the  retina.  So  also  in  Branchipus,  judging  from 
the  pictures  of  Berger,  Claus,'-^  and  from  my  own  observations 
{rf.  fig.  11,  in  which  the  double  nature  of  the  retinal  ganglion  is 
indicated),  the  peripheral  part  of  the  optic  ganglion— ic,  the 

1  ArcUv  Ital.  de  Biol.,  vol.  i.,  1S82,  p.  176. 

2  Arbeit,  a.  d.  Znnl.  Indit.   Wien,  Bd.  vi.  \k  267,  1886. 
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retinal  ganglion — may  be  spoken  of  as  composed  of  two  ganglia. 
The  external  of  these  is  clearly  the  ganglion  of  the  retina ;  its 
cells  form  the  nuclear  layer,  the  striking  character  of  which, 
and  close  resemblance  to  the  corresponding  layer  in  Vertebrates, 
is  shown  by  Glaus'  picture,  which  I  reproduce.  The  internal 
ganglion  with  which  the  optic  nerve  is  in  connection  contains 
large  ganglion  cells,  which,  together  with  smaller  ones,  form 
the  ganglionic  layer  of  Berger. 

Glaus  agrees  with  Berger  that  the  whole  optic  ganglion 
does  not  belong  to  the  retina,  but  only  that  part  which 
is  called  the  retinal  ganglion.  He  says : — "  In  the  Edriop- 
thalmen,  such  as  Phronima,  Gammarus,  Asellus,  in  which  a 
stalked  eye  does  not  exist,  the  optic  ganglia  are  attached  to 
the  brain  lobes  along  their  whole  breadth,  and  give  the  impres- 
sion of  forming  lateral  brain  ganglia,  while  the  nerve  fibres 
which  pass  to  the  retinal  ganglion  represent  a  more  or  less 
elongated  optic  nerve.  These  nerve  tracts  are  to  be  compared 
with  the  optic  nerves  of  vertebrates.  The  fact  that  their  fibres 
cross  as  they  enter  the  retinal  ganglion  is  an  entirely  sub- 
ordinate peculiarity,  and  has  no  weight  as  an  argument  against 
considering  them  as  equivalent  to  the  vertebrate  optic  nerve." 

If  Glaus  had  only  known  the  nature  of  the  optic  nerve  in 
Ammoccetes,  where  an  exactly  similar  crossing  of  the  fibres  of 
the  optic  nerve  as  they  enter  the  retina  has  been  universally 
observed,  as  will  be  pointed  out  when  I  compare  the  Ammoccetes 
retina  with  that  of  the  invertebrate,  he  would  have  seen  that, 
far  from  such  crossing  having  no  weight,  it  is  an  additional 
argument  in  favour  of  the  justice  of  the  very  comparison  which 
he  was  making. 

The  most  recent  observations  of  the  structure  of  the  compound 
retina  of  the  Grustacean  eye  are  those  of  Parker,^  who,  by  the 
use  of  the  methylene  blue  method,  and  Golgi's  method  of  staining, 
has  been  able  to  follow  out  the  structure  of  the  compound  retina 
in  the  Arthropod  on  the  same  lines  as  had  already  been  done 
for  the  Vertebrate.  These  two  methods  have  led  to  the  con- 
clusion that  the  arthropod  central  nervous  system  and  the 
vertebrate  central  nervous  system  are  built  up  in  the  same 
manner — viz.,  by  means  of  a  series  of  ganglia  connected  together, 

1  Mitth.  a.  d.  Zool.  Stat.  z.  Neapel.,  vol.  xii.  [).  1,  1895. 
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each  ganglion  being  composed  of  nerve  cells,  nerve  fibres,  and 
a  fine  reticulated  substance  called  by  Leydig  in  Arthropods 
Punktsubstanz,  and  known  in  Vertebrates  as  Gerlach's  network. 
A  further  analysis  resolves  the  whole  system  into  a  combination 
of  groups  of  neurons,  the  cells  and  fibres  of  which  form  the 
cells  and  fibres  of  the  ganglia,  while  their  dendritic  connections 
with  the  terminations  of  other  neurons,  together  with  the 
neuroo;lia  cells,  form  the  Punktsubstanz.  As  is  natural  to 
expect,  that  part  of  the  central  nervous  system  which  helps  to 
form  the  compound  retina  is  built  up  in  the  same  manner  as 
the  rest  of  the  central  nervous  system. 

Thus,  according  to  Parker,  the  mass  of  nervous  tissue  which 
occupies  the  central  part  of  the  optic  stalk  in  Astacus  is 
composed  of  four  distinct  ganglia ;  the  retina  is  connected  with 
the  first  of  these  by  means  of  the  retinal  fibres,  and  the  optic 
nerve  extends  proximally  from  the  fourth  to  the  brain.  Each 
ganglion  consists  of  ganglion  cells,  nerve  fibres,  and  Punktsub- 
stanz, and,  in  addition,  supporting  cells  of  a  neuroglial  type.  By 
means  of  the  methylene  blue  method  and  the  Golgi  method,  it 
is  seen  that  the  retinal  end  cells,  with  their  visual  rods,  are 
connected  with  the  fibres  of  the  optic  nerve  by  means  of  a 
system  of  neurons,  the  synapses  of  which  take  place  in  and 
help  to  form  the  Punktsubstanz  of  the  various  ganglia.  Thus, 
an  impulse  in  passing  from  the  retina  to  the  brain  would 
ordinarily  travel  over  five  neurons,  beginning  with  one  of  the 
first  order  and  ending  with  one  of  the  fifth.  He  makes  five 
neurons  although  there  are  only  four  ganglia,  because  he 
reckons  the  retinal  cell  with  its  elongated  fibre  as  a  neuron  of 
the  first  order,  such  fibre  terminating  in  dendritic  processes 
which  form  synapses  in  the  Punktsubstanz  of  the  first  ganglion 
with  the  neurons  of  the  second  order. 

Similarly  the  neurons  of  the  second  order  terminate  in  the 
Punktsubstanz  of  the  second  ganglion,  and  so  on,  until  we  reach 
the  neurons  of  the  fifth  order,  which  terminate  on  the  one  hand 
in  the  Punktsubstanz  of  the  fourth  ganglion,  and  on  the  other 
pass  to  the  optic  lobes  of  the  brain  by  their  long  neuraxons — 
the  fibres  of  the  optic  nerve. 

He  compares  this  arrangement  with  that  of  Branchipus, 
Apus,   Estheria,   Daphnia,  etc.,   and    sliows    that   in  the  more 
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primitive  crustaceans  the  peripheral  optic  apparatus  was 
composed,  not  of  four  but  of  two  optic  ganglia,  not,  therefore,  of 
five  but  of  three  neurons,  viz. : — 

1.  The  neuron  of  the  first  order — i.e.,  the  retinal  cell  with  its 
fibre  terminating  in  the  Punktsubstanz  of  the  first  optic 
ganglion  (ganglion  of  the  retina). 

2.  The  neuron  of  the  second  order,  which  terminates  in  the 
Punktsubstanz  of  the  second  ganglion  (ganglion  of  the  optic 
nerve). 

3.  The  neuron  of  the  third  order,  which  terminates  in  the 
optic  lobes  of  the  brain  by  means  of  its  neuraxons  (the  optic 
nerve). 

We  see,  then,  that  the  most  recent  researches  agree  with  the 
older  ones  of  Berger,  Claus,  and  Eellonci,  in  picturing  the  retina 
of  the  primitive  crustacean  forms  as  formed  of  two  ganglia  only, 
and  not  of  four,  as  in  the  specialized  crustacean  group  the 
Malacostraca. 

The  comparison  of  the  arthropod  compound  retina  with  that 
of  the  vertebrate  shows,  as  one  would  expect  upon  the  theory 
of  the  origin  of  vertebrates  put  forward  m  this  series  of  papers, 
that  the  latter  retina  is  built  up  of  two  ganglia,  as  in  the 
more  primitive  less  specialized  crustacean  forms.  The  modern 
description  of  the  vertebrate  retina,  based  upon  the  Golgi 
method  of  staining,  is  exactly  Parker's  description  of  the 
simpler  form  of  crustacean  retina  in  which  the  Punktsubstanz 
of  the  first  ganglion  is  represented  by  the  external  molecular 
layer,  and  that  of  the  second  ganglion  by  the  internal  molecular 
layer;  the  three  sets  of  neurons  being,  according  to  Parker's 
terminology : — 

1.  The  neurons  of  the  first  order — viz.,  the  visual  cells — the 
nuclei  of  which  form  the  external  nuclear  layer,  and  their  long 
attenuated  processes  form  synapses  in  the  external  molecular 
layer  with 

2.  The  neurons  of  the  second  order,  the  cells  of  which  form 
the  internal  nuclear  layer,  and  their  processes  form  synapses  in 
tlie  internal  molecular  layer  with 

3.  The  neurons  of  the  third  order,  the  cells  of  which  form  the 
ganglionic  layer  and  their  neuraxons  constitute  the  fibres  of 
the  optic  nerve  which  end  in  the  optic  lobes  of  the  brain. 
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Strictly  speaking,  of  course,  the  visual  cells  with  their  elon- 
gated processes  have  uo  right  to  be  called  neurons  :  I  only  use 
Parker's  phraseology  in  order  to  show  how  closely  the  two 
retinas  agree  even  to  the  formation  of  synapses  between  the  fine 
drawn-out  processes  of  the  visual  cells  and  the  neurons  of  the 
ganglion  of  the  retina. 

Again,  the  retina  of  the  crustacean  possesses  a  membrane 
remarkably  like  the  external  limiting  membrane  of  the  verte- 
brate eye,  so  that  the  layer  of  rods  in  the   simpler  forms  of 
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Fig.  3. — Oramatidium  of  Gammarus  (after  Parker). 


Crustacea  such  as  Gammarus,  etc.,  is  separated  from  the  nuclear 
layer  of  the  visual  end  cells  by  this  membrane,  as  is  shown  in 
the  accompanying  figure  taken  from  a  paper  by  Parker.^ 
Berger-  describes  the  same  membrane  in  Branchipus,  and 
considers  it  to  be  cuticular,  and  therefore  belonging  originally 
to  the  cuticular  covering  of  the  same  layer  of  hypodermal  cells 
as  gave  origin  to  the  cuticular  rods  of  the  retinal  cells, 

1  Parker,  "  The  proto-mechanical  changes  in  the  retinal  pigment  of  Gammarua," 
Bull,  of  the  Harvard  Mus.  of  Comp.  ZooL,  vol  xxxv.,  1899,  p.  143. 
'■*  Op.  cit. 
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The  Bctina  of  the  Lateral   Eye  of  Ammocostes. 

As  in  the  case  of  all  other  organs,  it  follows  that  if  we  are 
dealing  here  with  a  true  genetic  relationship,  then  the  lower 
we  go  in  the  vertebrate  kingdom  the  more  nearly  ought  the 
structure  of  the  retina  to  approach  the  arthropod  type.  It  is 
therefore  a  matter  of  intense  interest  to  determine  the  nature 
of  the  retina  in  Ammocoetes  in  order  to  see  whether  it  differs 
from  that  of  the  higher  vertebrates,  and  if  so,  whether  such 
diff'erences  are  explainable  by  reference  to  the  structure  of  the 
arthropod  eye. 

Before  describing  the  structure  of  this  retina  it  is  necessary 
to  clear  away  a  remarkable  misconception,  shared  among  others 
by  Balfour,  that  this  eye  is  an  aborted  eye,  and  that  it  can- 
not be  considered  as  a  primitive  type.  Thus  Balfour  says :  ^ 
"  Considering  the  degraded  character  of  the  Ammocoete  eye, 
evidence  derived  from  its  structure  must  be  received  with 
caution,"  and  later  on,^  "  the  most  interesting  cases  of  partial 
degeneration  are  those  of  Myxine  and  the  Ammocoete.  The 
development  of  such  aborted  eyes  has  as  yet  been  studied  only 
in  the  Ammocoete,  in  which  it  resembles  in  most  important 
features  that  of  other  Vertebrata." 

Again  and  again  the  aborted  character  of  the  eye  is 
stated  to  be  evidence  of  degeneration  in  the  case  of  the  lamprey. 
What  such  a  statement  means,  why  the  eye  is  in  any  way  to  be 
considered  as  aborted,  is  to  me  a  matter  of  absolute  wonderment : 
it  is  true  that  in  the  larval  form  it  lies  under  the  skin,  but  it 
is  equally  true  that  at  transformation  it  comes  to  the  surface 
and  is  most  evidently  as  perfect  an  eye  as  could  be  desired. 
There  is  not  the  slightest  sign  of  any  degeneration  or  abortion, 
but  simply  of  normal  development,  which  takes  a  longer  time 
than  usual,  lasting  as  it  does  throughout  the  lifetime  of  the 
larval  form. 

Kohl,^  who  has  especially  studied  degenerated  vertebrate 
eyes,  discusses  with  considerable  fulness  the  question  of  the 
Ammoccetes  eye,  and  concludes  that  in  aborted  eyes  a  retarded 

1  O2K  cit.,  p.  406.  -  Id.,  p.  409. 

•^  Kohl,  "Rudimentare  Wirbelthieraugen,"  EiUiotlieca  Zoolog.,  Leuckart  and 
Chun,  vol.  4  and  vol.  5. 
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development  occurs,  and  this  applies  on  the  whole  to  Am- 
mocoetes,  "  but  ^  with  the  important  difference  that  in  this  case 
the  period  of  retarded  development  is  not  followed  by  a  stoppage, 
but  on  the  contrary  by  a  period  of  very  highly  intensified 
progressive  development  during  the  metamorphosis,"  with  the 
result  that  "  the  ^  adult  eye  of  Petromyzon  Planeri  does  not 
diverge  from  the  ordinary  type." 

Eeferring  in  his  summing  up  to  this  retarded  development,  he 
says :  "  Such  reminiscences  of  embryonic  conditions  are  after 
all  present  here  and  there  in  normally  developed  organs,  and 
by  no  means  entitle  us  to  speak  of  abnormal  development." 

The  evidence,  then,  is  quite  clear  that  the  eye  of  Petromyzon, 
or,  indeed,  of  the  full-grown  Ammocoetes,  is  in  no  sense  an 
abnormal  eye,  but  simply  that  its  development  is  slow  during 
the  Ammocoete  stage,  and  taking  into  consideration  the  affinity 
of  the  Cephalaspids  with  Ammocoetes,  we  may,  I  think,  take  it 
for  certain  that  such  eye  will  more  closely  represent  the  lateral 
eye  of  the  Cephalaspids  than  any  other  known  vertebrate  eye. 
The  retina  of  Petromyzon  was  figured  and  described  by 
Langerhans  ^  in  1873.  He  describes  it  as  composed  of  the 
following  layers : — 

(1)  Membrana  limitans  interna. 

(2)  Thick  inner  molecular  layer. 

(3)  Optic  fibre  layer. 

(4)  Thick  inner  nuclear  layer. 

(5)  Pecuhar  double-layered  ganglionic  layer. 

(6)  External  molecular  layer. 

(7)  External  nuclear  layer. 

(8)  Membrana  limitans  externa. 

(9)  Layer  of  rods. 

(10)  Pigment  epithelium. 
He  points  out  especially  the  peculiarity  of  layer  (2)  (2,  fig.  4), 
the  inner  molecular,  in  which  two  rows  of  nuclei  are  arranged 
with  great  regularity,  the  one  row  closely  touching  the  membrana 
limitans  interna,  the  other  at  the  inner  boundary  of  the  middle 
third  of  the  molecular  layer.  Of  these  two  rows  of  nuclei,  he 
describes  the  innermost  as   composed  almost  entirely  of  large 

1  Op.  ciL,  p.  269.  '^  ^(^;  V-  265. 

3  Langerhans,  Untersuch.  ii.  Petromyzon  Planeri,  Freibury  i.  B.,  1873. 
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nuclei  belonging  to  ganglion  cells,  while  the  outermost  is 
composed  mainly  of  distinctly  smaller  nuclei,  which  iu  staining 
and  appearance  appear  to  belong  not  to  nerve  cells  but  to  the 
true  reticular  tissue  of  the  molecular  layer. 

He  also  draws  special  attention  to  the  remarkable  layer  (5) 
(5,  fig.  4),  which  is  not  found  in  the  retina  of  the  higher 
vertebrates,  the  cells  of  which,  in  his  opinion,  are  of  the  nature 
of  ganglion  cells. 


^Mm 


6 

Fir;.  4. — Retina  and  optic  nerve  of  Petromyzon  (aftei*  Miiller  and  Langerhans). 
On  the  left  side  the  Miillerian  fibres  and  pigment  epithelium  are  represented 
alone.  The  retina  is  divided  into  an  epitliclial  part  6' (the  layer  of  visual 
lod  cells),  and  a  neurodermal  or  cerebral  part  which  is  formed  of  A  the 
ganglion  of  the  optic  nerve  and  B  the  ganglion  of  the  retina.  1,  int.  limit- 
ing membrane  ;  2,  int.  molecular  layer  with  its  two  layers  of  cells  ;  3,  layer 
of  optic  nerve  fibres  ;  4,  int.  nuclear  layer  ;  5,  double  row  of  tangential 
fulcrum  cells  ;  6,  layer  of  terminal  retinal  fibres  ;  7,  ext.  nuclear  layer  ; 
8,  ext.  limiting  membrane  ;  9,  layer  of  rods  ;  10,  layer  of  pigment  epitheliiun. 
D  axial  cell  layer  (Axenstrang)  in  optic  nerve.  The  layer  6  is  drawn  rather 
too  thick. 


W.  Miiller,^  in  1874,  gave  a  most  careful  description  of  the 
eye  of  Ammoca?tes  and  Petromyzon,  and  traced  the  development 

^  W.  Midler,  "Ueberd.  Stammes  Entwick.  d.  Sehorgansd.  Wirbelth.,"i^(x<(/a^c', 
C.  Ludwig,  Leipzig,  1874. 
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of  the  retina;  the  subsequent  paper  of  KohP  does  not  add 
anything  new,  and  his  drawings  are  manifestly  diagrams,  and 
do  not  represent  the  appearances  so  accurately  as  Mailer's 
illustrations.  In  the  accompanying  figure,  I  reproduce  in  the 
right  side  Miiller's  picture  of  the  retina  of  Petromyzon,  but 
have  drawn  it,  as  in  Langerhans'  picture,  at  the  place  of  entry 
on  the  optic  nerve. 

From  his  comparison  of  this  retina  with  a  large  number  of 
other  vertebrate  retinas,  he  comes  to  the  conclusion  that  the 
retina  of  all  vertebrates  is  divisible  into 

A.  An  ectodermal  (epithelial)  part  consisting  of  the  layer  of 

the  visual  cells,  and 

B.  A  neurodermal  (cerebral)  part  which  forms  the  rest  of  the 

retina. 

Further,  he  points  out  that  the  neuroderm  gives  origin  through- 
out the  central  nervous  system  to  two  totally  different  struc- 
tures, on  the  one  hand  to  the  true  nervous  elements,  on  the 
other  to  a  system  of  supporting  cells  and  fibres  which  cannot 
be  classed  as  connective  tissue,  for  they  do  not  arise  from 
mesoblast,  and  are  therefore  called  by  him  fulcrum  cells.  In 
the  retina  he  recognises  two  distinct  groups  of  such  supporting 
structures — (1)  a  system  of  radial  fibres  with  well-marked 
elongated  nuclei,  which  extend  between  the  two  limiting 
layers,  and  form  at  their  outer  ends  a  membrana-like  expansion 
which  was  originally  the  outer  limit  of  the  retina,  but  becomes 
afterwards  co-terminous  with  the  membrana  limitans  externa, 
owing  to  the  piercing  through  of  the  external  limbs  of  the  rods. 
This  system,  which  is  known  by  the  name  of  the  radial 
Miillerian  fibres,  has  no  connection  with  (2)  the  spongioblasts 
and  neurospongium,  which  form  a  framework  of  neuroglia,  in 
which  the  terminations  of  the  optic  ganglion  and  of  the  retinal 
ganglion  ramify  to  form  a  Gerlach's  network  (Punktsubstanz). 

Mliller^  then  describes  the  layers  of  the  vertebrate  retina  as 
follows  :■ — 

A.  Ectodermal  (epithelial)  part  of  the  retina. 

(1)  Layer  of  the  visual  cells. 

B.  Neurodermal  (cerebral)  part  of  the  retina. 

(2)  Layer  of  the  nerve  fibre  attachments. 

1  Op.  cil.  -  Op,  cit.,  pp.  liii-lxxii. 
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(3)  Layer  of  the  tangential  fulcrum  cells. 

(4)  Layer  of  the  ganglion  retina?. 

(5)  Layer  of  the  spongioblasts. 

(6)  Layer  of  the  neurospongium. 

(7)  Layer  of  the  ganglion  of  the  optic  nerve. 

(8)  Layer  of  the  optic  nerve  fibres. 

The  double  row  of  large  cells  which  form  in  Ammocostes,  his 
layer  (3),  and  Langerhans'  layer  (5),  he  does  not  consider  to 
belong  to  the  nervous  part  of  the  neuroderm,  but  to  the  system 
of  supporting  or  fulcrum  cells  (5,  fig.  4).  Kohl,  on  the  other  hand, 
agrees  with  Langerhans,  and  considers  them  to  be  large  ganglion 
cells.  None  of  the  three  observers  have  given  any  satisfactory 
evidence  of  the  connection  of  these  cells.  Miiller  speaks  of  the" 
nerve  fibres  as  passing  between  them  and  not  having  connection  ; 
Kohl  says  that  the  outer  row  is  connected  with  the  cells  of  the 
outer  nuclear  layer,  and  that  the  inner  row  is  connected  in  the 
adult  with  the  optic  nerve  fibres,  but  he  has  never  succeeded  in 
finding  any  connection  between  the  two  rows. 

According  to  Miiller,  the  cells  of  the  ganglion  retinae — i.e.,  the 
inner  nuclear  layer  (4,  fig.  4) — are  by  no  means  all  nerve  cells,  but 
a  number  of  them  are  supporting  cells  or  spongioblasts,  especi- 
ally at  the  junction  of  the  ganglion  with  the  neurospongium — 
i.e.,  the  junction  of  the  inner  nuclear  and  inner  molecular 
layers. 

From  these  figures  it  is  evident  that  the  retina  of  Ammocoetes 
and  Petromyzon  differs  in  a  striking  manner  from  the  typical 
vertebrate  retina.  The  epithelial  part  (C,  fig.  4)  remains  the 
same — viz.,  the  visual  rods,  the  external  limiting  membrane, 
and  the  external  nuclear  layer;  but  the  cerebral  part,  the 
retinal  ganglion  (A  and  B,  fig.  4),  is  remarkably  different ;  it 
is  true  it  consists  in  the  main  of  the  small-celled  mass  known 
as  the  inner  nuclear  layer,  and  of  the  reticulated  tissue  or 
Punktsubstanz  known  as  the  inner  molecular  layer,  just 
as  in  all  other  compound  retinal  eyes ;  but  neither  the 
ganglion  cell  layer  nor  the  optic  fibre  layer  is  clearly  defined 
as  separate  from  this  molecular  layer;  on  the  contrary,  it  is 
matter  of  dispute  as  to  what  cells  represent  the  ganglionic 
layer  of  higher  vertebrates,  and  the  optic  fibres  do  not  form  a 
distinct   innermost  layer,  but  are  embedded  in  the  Punktsul)- 
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stanz.  A  comparison  of  this  innermost  part  of  the  retina 
(A,  fig.  4),  with  the  corresponding  part  in  Berger's  picture 
of  Musca  (n.l.o.g.,  fig.  1),  shows  a '  most  striking  similarity 
between  the  two.  In  both  cases  the  fibres  of  the  optic  nerve 
(O.U.,  fig.  1)  which  cross  at  their  entrance  pass  into  the 
Punktsubstanz  of  this  part  of  the  retinal  ganglion,  and  are 
connected  probably  (though  that  is  not  proved  in  either  case) 
with  the  cells  of  the  ganglionic  layer.  In  both  cases  we 
find  two  well-marked  parallel  rows  of  cells  in  this  part  of  the 
retina,  of  which  one,  the  innermost,  is  composed  in  Ammocoetes 
of  large  ganglion  cells,  and  the  other  mainly  of  smaller,  deeper 
staining  cells  apparently  supporting  in  function  ;  similarly,  also, 
in  Branehipus,  as  I  conclude  from  my  own  observations  as  well 
as  those  of  Berger  and  Glaus,  the  ganglionic  layer  is  composed 
partly  of  true  ganglion  cells  and  partly  of  supporting  cells 
arranged  in  a  distinct  layer.  This  part,  then,  of  the  retina  of 
Ammocoetes  is  remarkably  like  that  of  a  typical  Arthropod 
retina,  and  forms  that  part  of  the  retinal  ganglion  which  may 
be  called  the  ganglion  of  the  optic  nerve. 

Next  comes  the  ganglion  of  the  retina  (B,  fig.  4)  (Parker's 
first  optic  ganglion),  the  cells  of  which  form  the  small  bipolar 
granule  cells  of  the  inner  nuclear  layer  ;  granule  cells  arranged 
in  rows  just  as  they  are  shown  in  Glaus'  picture  of  the  same 
layer  in  the  retina  of  Branehipus  (fig.  2),  just  as  they  are 
found  in  the  cortical  layers  of  the  optic  ganglion  of  the  pineal 
eye  (ganglion  habenula;),  in  the  optic  lobes  and  other  parts  of 
the  Ammocoetes  brain,  or  in  the  cortical  layers  of  the  optic 
ganglia  of  all  arthropods. 

Between  this  small-celled  nuclear  layer  (4,  fig.  4)  and  the 
layer  of  nuclei  of  the  visual  rod  cells  (7,  fig.  4)  (the  external 
nuclear  layer),  we  find  in  the  eye  of  Ammocates  and  Petro- 
myzon  two  well-marked  rows  of  cells  of  a  most  striking- 
character — viz.,  the  two  remarkably  regular  rows  of  large 
ephithelial-like  cells  with  large  conspicuous  nuclei,  which 
give  the  appearance  of  two  opposing  rows  of  limiting  epi- 
thelium (5,  fig.  4),  already  mentioned  in  connection  with  the 
researches  of  Langerhans  and  W.  Midler.  Here,  then,  is  a 
striking  peculiarity  of  the  retina  of  the  lamprey,  and  according 
to  Miiller  the  obliteration  of  these  two  layers  can  be  traced  as 
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we  pass  upwards  in  the  vertebrate  kingdom.  Among  fishes,  they 
are  especially  well  seen  in  the  perch  ;  in  the  higher  vertebrates 
the  whole  layer  is  only  a  rudiment  represented,  he  thinks,  by 
the  simple  layer  of  round  cells  which  lies  close  against  the 
inner  surface  of  the  layer  of  terminal  fibres  (Nervenansatze), 
and  is  especially  evident  in  birds  and  reptiles. 

In  man  and  the  higher  mammalia  they  are  probably  repre- 
sented by  the  horizontal  cells  of  the  outer  part  of  the  inner 
nuclear  layer. 

Seeing,  tben,  that  they  are  most  evident  in  Ammocoetes,  and 
become  less  and  less  marked  in  the  higher  vertebrates,  it  is  clear 
that  their  origin  cannot  be  sought  among  the  animals  higher  in 
the  scale  than  Ammocoetes,  but  must,  therefore,  be  searched  for 
in  the  opposite  direction. 

Miiller  describes  them  as  forming  a  very  conspicuous  land- 
mark in  the  embryology  of  the  retina,  dividing  it  distinctly  into 
two  parts,  an  outer  thinner,  and  an  inner  somewhat  thicker 
part,  the  zone  formed  by  them  standing  out  conspicuously  on 
account  of  the  size  and  regularity  of  the  cells  and  their  lighter 
staining  appearance.  Thus  in  his  description  of  the  retina  of  an 
Ammocretes  95  mm.  in  length,  he  says :  ^  "  The  layer  of  pale 
tangentially  elongated  cells  almost  throughout  formed  a  double 
layer  and  produced  the  appearance  of  a  pale,  very  characteristic 
zone  between  the  outer  and  inner  parts  of  the  retina." 

Let  us  now  turn  to  the  retina  of  the  Crustacean  and  see 
whether  there  is  any  evidence  there  that  the  retina  is  divisible 
into  an  outer  and  inner  part,  separated  by  a  zone  of  character- 
istically pale  staining  cells  with  conspicuous  nuclei.  The  most 
elaborate  description  of  the  development  of  the  retina  of  Astacus 
is  given  by  lieichenbach,"-  according  to  whom  the  earliest  sign 
of  the  formation  of  the  retina  is  an  ectodermic  involution 
(Augen-einstiilpung),  which  soon  closes,  so  that  the  retinal  area 
appears  as  a  thickening.  In  close  contiguity  to  this  thickening, 
the  thickening  of  the  optic  ganglion  arises,  so  that  that  part  of 
the  optic  ganglion  which  will  form  the  retinal  ganglion  fuses 
with  the  thickened  optic  plate  and  forms  a  single  mass  of  tissue. 

^  Op.  Cit. ,  p.   XXV. 

' Entwick.  Geschichtc  d.  FlusgJcrchses.     Ahliandl.  d.  Scnckcnbcrgischcn  Naturf, 
Gcsell.,  Bdxiv.,  1886. 
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Later  on  a  fold  (Augen-falte)  appears  in  this  mass  of  tissue,  in 
consequence  of  which  it  becomes  divided  into  two  parts.  The 
lining  walls  of  this  fold  form  a  double  row  of  cells,  the  nuclei  of 
wliich  are  most  conspicuous  because  they  are  larger  and  lighter 
in  colour  than  the  surrounding  nuclei,  so  that  by  this  fold  the 
retina  is  divided  into  an  outer  and  an  inner  wall,  the  line  of 
demarcation  being  conspicuous  by  reason  of  these  two  rows  of 
large,  lightly-staining  nuclei. 

lieichenbach  is  unable  to  say  that  this  secondary  fold  is 
coincident  with  the  primary  involution,  and  therefore  that  the 
junction  between  the  two  rows  of  large  light  nuclei  is  the  line 
of  junction  between  the  retinal  ganglion  and  the  retina  proper, 
because  all  sign  of  the  primary  involution  is  lost  before  the 
secondary  fold  appears. 

Parker  ^  compares  the  appearances  in  the  lobster  with 
Eeichenbach's  description  in  the  crayfish,  and  says  that  he 
finds  only  a  thickening,  no  primary  involution ;  at  the  same 
time  he  expressly  states  that  in  the  very  early  stages  his 
material  was  deficient,  and  that  he  had  not  grounds  enough  to 
warrant  the  statement  that  no  involution  occurs.  He  also 
finds  that  in  the  lobster  the  ganglionic  tissue  which  arises  by 
proliferation  is  divided  into  an  outer  and  an  inner  part ;  the 
separation  is  effected  by  a  band  of  large,  lightly-staining  nuclei, 
which,  in  position  and  structure,  resemble  the  band  figured  by 
Eeichenbach.  According  to  Parker,  then,  the  line  of  separation 
indicated  in  the  development  by  Peichenbach's  outer  and  inner 
walls  is  not  the  line  of  junction  between  the  retina  and  the 
retinal  ganglion,  as  Eeichenbach  was  inclined  to  think,  but 
rather  a  separation  of  two  rows  of  large  ganglion  cells  belonging 
to  the  retinal  ganglion. 

Unfortunately  neither  Eeichenbach  nor  Parker  have  traced 
the  development  up  to  the  adult  stage,  so  that  it  is  not  possible 
to  be  sure  which  layers  in  the  fully-developed  eye  are  the  out- 
come of  this  remarkable  double  band  of  large,  lightly-staining 
cells.  In  Eeichenbach's  paper  his  figs.  224  and  225  represent 
sections  through  the  most  advanced  stage  observed  by  him,  and 
\  cannot  help  agreeing  with  Parker  that  these  figures  do  not 
necessarily  bear  out  Eeichenbach's  contention  ;  in  addition  to 

^  Bulletin  of  the  Harvard  Musctim  of  Cnmp.  Zoal.,  vol.  xx.  p.  1,  1890. 
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Parker's  argument,  another  argument  based  on  the  pigmentation 
points  to  the  same  conclusion ;  in  the  adult  eye  the  retina 
proper,  with  its  rhabdomes  and  retinulas,  is  strongly  pigmented, 
and  the  pigment  extends  slightly  into  the  layer  of  terminal 
nerve  fibres,  so  that  the  limit  of  the  true  retina  is  defined  in  a 
general  way  by  the  limit  of  pigment.  In  the  stage  reached  in 
Eeichenbach's  fig.  224,  the  pigment  is  well  marked,  as  is  shown 
in  his  fig.  225,  and  does  not  extend  into  the  outer  wall  of  the 
optic  fold  as  defined  by  lleichenbach,  from  w^hich  T  would  con- 
clude with  Parker  that  this  outer  wall  does  not  give  rise  to  the 
rhabdomes  and  retinulse,  but  is  a  part  of  the  retinal  ganglion  in 
close  connection  with  the  visual  rod  layer,  the  double  band  of 
large,  lightly-staining  cells  separating  two  parts  of  the  retinal 
ganglion.  In  the  adult  retina,  according  to  Berger,  the  nuclear 
layer  of  the  retinal  ganglion  is  distinctly  divided  into  two  parts, 
n.l.r.g.o.  and  n.l.r.g.i.,  (fig.  5),  and  it  is  possible  that  this  separation 
is  the  outcome  in  the  adult  eye  of  the  division  so  apparent  in  the 
younger  stage.  I  reproduce  here  Berger's  picture  of  the  retina  of 
Astacus,  but  have  omitted  the  blood-vessels.  It  is  impossible  to 
speak  with  certainty  on  this  point  until  the  fate  of  this  peculiar 
double  band  of  large  cells  so  vividly  depicted  in  Eeichenbach's 
paper  has  been  decided.  It  is,  however,  very  suggestive  that 
according  to  Parker's  latest  paper  there  is  a  difference  of  opinion 
as  to  the  nature  of  the  cells  in  these  two  layers  (n.l.r.g.o.  and 
n.l.r.g.i.)  in  Astacus,  of  the  same  character  as  already  described 
in  the  case  of  the  two  lavers  in  Ammocoetes ;  thus  Parker^ 
states  that  "  in  the  first  optic  ganglion  close  to  the  retina  two 
rows  of  cells  are  found,  separated  from  each  other  by  a 
fibrous  layer.  Of  these  two  layers  the  distal  nuclear  layer 
(n.l.r.g.o.  fig.  5)  consists  of  a  number  of  large  oval  or  roundish 
nuclei  imbedded  in  what  is  apparently  an  irregularly  fibrous 
mass."  He  says  that  Viallanes  in  Palinurus  considered  them 
to  be  true  ganglionic  nuclei,  while  Berger  in  Squilla  and 
Grenacher  in  Mysis  suggest  that  they  are  the  nuclei  of  support- 
ing tissue  cells.  In  Golgi  preparations  "  the  retinal  fibres  can 
be  seen  passing  between  these  nuclei  without  entering  into 
definite  relations  with  them.  The  fact  that  these  cells  do  not 
send  processes  into  the  Punktsubstanz,  as  well  as  their  lack  of 

^Op.  elf.,  1895,  p.  40. 
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connection  vnth  nerve  fibres,  justifies  the  conclusion,  I  believe, 
that  they  are  not  nervous,  but  rather  sustentative  in  function. 
The  layer  that  they  form  can  be  traced  directly  into  a  mass  of 
ectodermic  tissue  that  lies  on  the  anterior  face  of  the  ganglion, 
and  the  resemblance  between  the  nuclei  in  the  distal  nuclear 
layer  and  those  in  the  ectodermic  mass  is  so  striking  that,  though 
these  cells  are  most  probably  sustentative  in  function,  I  believe 
them  ectodermic  in  origin.    The  proximal  nuclear  layer  (n.l.r.g.i. 
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Fig.  5. — Retina  of  Astacus  (after  Berger)  with  the  blood-vessels  omitteil. 
hr.,  brain;  o.n.,  optic  nerve;  nJ.o.;/.,  nuclear  layer  of  ganglion  of  optic 
nerve  ;  m.7.,  molecular  layer  (Punktsubstanz) ;  n.Lrjj.i.  and  iiJ.r.(j.o.,  inner 
and  outer  nuclear  layers  of  the  ganglion  of  the  retina  ;  f.hr.r.,  terminal  fibre 
layer  of  retina  ;  r. ,  layer  of  retinal  end  cell.s. 

fig.  5)  is  precisely  similar   to    the  distal  one,  except  that  it 
contains,  on  the  whole,  fewer  cells." 

If  we  use  the  same  terminology  as  in  Mliller's  description  of 
the  layers  in  Ammoccetes,  then  Parker's  view  of  these  layers  in 
Astacus  is  that  they  form  a  double  layer  of  tangential  fulcrum 
cells,  while  Viallanes  would  describe  them  as  a  double  layer  of 
ganglion  cells,  just  as  Langerhans  and  Kohl  describe  them  in 
Ammoccetes.     Whatever  the  final  interpretation  of  these  cells 
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may  prove  to  be,  we  may,  it  seems  to  me,  represent  an  ideal 
compound  retina  of  the  crustacean  type  by  combining  the 
investigations  of  Berger,  Claus,  Reichenbach,  and  Parker,  in 
the  following  figure. 

The  comparison  of  this  figure  (fig.  6)  with  that  of  the  Ammo- 
coetes  retina  (fig.  4)  shows  how  great  is  the  similarity  of  the  latter 
with  the  Arthropod  type,  and  how  the  very  points  in  which  it 
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Fig.  6. — Ideal  diagram  of  the  layers  in  a  Crustacean  eye.  The  retina  is  divided 
into  an  epithelial  part  C  (the  layer  of  retinular  cells  and  rhabdomes),  and 
a  neurodermal  or  cerebral  part,  which  is  formed  of  A,  the  ganglion  of  the 
optic  nerve,  and  B,  the  ganglion  of  the  retina.  1,  optic  nerve  iibres  which 
cross  at  their  entrance  into  the  retina  ;  2,  int.  molecular  layer  with  its  two 
rows  of  cells  ;  3,  int.  nuclear  layer  ;  4,  Reichenbach's  double  row  of  large 
lightly-staining  cells  ;  5,  layer  of  terminal  retinal  fibres  ;  6,  ext.  nuclear 
layer  (nuclei  of  retinular  cells  as  seen  in  fig.  3)  ;  7,  ext.  limiting  membrane  ; 
8,  layer  of  crystalline  cones  ;  9,  cornea. 

deviates  from  the  recognised  vertebrate  type  are  explainable 
by  comparison  with  that  of  the  Arthropod.  The  most  striking 
difference  between  the  retinas  in  the  two  figures  is  that  the 
layer  of  terminal  nerve  fibres  (5,  fig.  6),  which,  after  all,  are 
only  the  elongated  terminations  of  the  retinal  cells  belonging  to 
Parker's  neurons  of  the  first  order,  is  very  much  longer  than  in 
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the  Ammoccetes  or  in  any  vertebrate,  for  the  external  molecular 
layer  (6,  fig.  4)  (Miiller's  layer  of  Nerven-ansatze)  is  very  short 
and  inconspicuous  (in  fig.  4  it  is  drawn  too  thick). 

Apart  from  the  retina  proper  and  from  the  dioptric  apparatus, 
two  other  striking  differences  are  seen  in  these  two  pictures — 
viz.,  in  the  Crustacean  eye  the  retina  is  upright,  in  the  Ammo- 
ccetes inverted,  and  in  the  latter  eye  there  is  an  additional 
framework  of  supporting  tissue  elements — the  Mullerian  fibres 
— which  are  not  found  in  the  former.  Both  these  points  require 
explanation. 

Passing  from  the  retina  to  the  fibres  of  the  optic  nerve,  we 
again  find  a  remarkable  resemblance,  for  in  Ammoccetes,  as 
pointed  out  by  Langerhans  and  carefully  figured  by  Kohl,  a 
crossing  of  the  fibres  of  the  optic  nerve  occurs  as  the  nerve 
leaves  the  retina,  just  as  is  so  universally  the  case  in  all  com- 
pound retinas.  To  this  crossing  Kohl  has  given  the  name 
chiasma  nervi  optici,  in  distinction  to  the  cerebral  chiasma, 
which  he  calls  chiasma  nervorum  opticorum.  Further,  we  find 
that  even  this  latter  chiasma  is  well  represented  in  the  Arthro- 
pod brain  ;  thus  Bellonci  ^  in  Sphteroma,  Berger,'-^  Dietl,^  and 
Krieger  *  in  Astacus,  all  describe  a  true  optic  chiasma,  the  only 
difference  in  opinion  being,  whether  the  crossing  of  the  optic 
nerves  is  complete  or  not.  Especially  instructive  are  Bellonci's 
figures  and  description.  He  describes  the  brain  of  Sphteroma 
(fig.  7)  as  composed  of  three  segments — a  superior  segment,  the 
cerebrum  proper,  a  middle  segment,  and  an  inferior  segment; 
the  optic  fibres,  as  is  seen  in  fig.  7,  after  crossing,  pass 
direct  into  the  middle  segment,  in  the  ganglia  of  which  they 
terminate.  From  this  segment  also  arises  the  nerve  to  the 
first  antenna  of  that  side — i.e.,  the  olfactory  nerve.  The  optic 
part,  then,  of  this  middle  segment  is  clearly  the  brain  portion 
of  the  optic  ganglionic  apparatus,  and  may  be  called  the  optic 
lobes,  in  contradistinction  to  the  peripheral  part,  which  is  usually 
called  the  optic  ganglion,  and  is  composed  of  two  ganglia, 
Op.  g.  I.  and  Op.  g.  II.,  as  already  mentioned.  These  optic  lobes 
are  therefore  homologous  with  the  optic  lobes  of  the  vertebrate 
eye. 

^Op.  clt.,  p.  ISl,  -Op.  cit. 

^ Zcitsch.  f.  wisscns.  Zool.,  VA.  xxx.,  1876.  *Ibid.,  Bd.  xxxiii. 
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The  resemblance  throughout  is  so  striking  as  to  force  one  to 
the  conclusion  that  the  retina  of  the  vertebrate  eye  is  a  compound 
retina  composed  of  a  retina  and  retinal  ganglion  of  the  type  found 
in  Arthropods.  From  this  it  follows  that  the  development  of  the 
vertebrate  retina  ought  to  show  the  formation  of  (1)  an  optic 
plate  formed  from  the  peripheral  epidermis  and  not  from  the 
1  )rain ;  (2)  a  part  of  the  brain  closely  attached  to  this  optic  plate 
forming  the  retinal  ganglion,  which  remains  at  the  surface 
when  the  rest  of  the  optic  ganglion  withdraws  ;  (.3)  an  optic 
nerve  formed  in  consequence  of  this  withdrawal,  as  the  connec- 
tion between  the  retinal  and  cerebral  parts  of  the  optic  ganglion. 


Slip.  Segment 
I 


Ant  1 


Ant  II 


Inf.  Segment 


Fig.  7. — The  brain  of  Sphseroma  serratum  (after  Bellonci).  Ant.  I.  and  Ant.  II. 
nerves  to  1st  and  2nd  antennre.  f.hr.r.,  terminal  fibre  layer  of  retina; 
Op.  g.  I.,  first  optic  ganglion  ;  Op.  ij.  II.,  second  optic  ganglion  ;  O.v.,  optic 
nerve  fibres  forming  an  optic  chiasnia. 


This  appears  to  me  exactly  what  the  developmental  process 
does  show  according  to  Gotte's  ^  investigations.  He  asserts  that 
tlie  retina  arises  from  an  optic  plate,  being  the  optical  portion 
of  his  Sinnes-platte.  At  an  early  stage  this  is  separated  by  a 
furrow  (Furche)  from  the  general  mass  of  epidermal  cells  which 
ultimately  form  the  brain.  This  separation  then  vanishes,  and  the 
retina  and  brain  mass  become  inextricably  united  into  a  mass  of 
cells,  which  are  still  situated  at  the  surface.  By  the  closure  of 
the  cephalic  plate  and  the  withdrawal  of  the  brain  away  from 
the  surface,  a  retinal  mass  of  cells  is  left  at  the  surface  connected 
^  Enlwick.  Gesch.  d.  Unke,  Leipzig,  1875. 
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with  the  tubular  central  nervous  system  by  the  hollow  optic 
diverticulum  or  primary  optic  vesicle.  If  we  regard  only  the 
retinal  and  nervous  elements,  and  for  the  moment  pay  no 
regard  to  the  existence  of  the  tube,  Gotte's  observation  that 
the  true  retina  has  been  formed  from  the  Sinnes-platte  (optic 
plate)  to  which  the  retinal  portion  of  the  brain  (retinal 
ganglion)  has  become  firmly  fixed,  and  that  then  the  optic 
nerve  has  been  formed  by  the  withdrawal  of  the  rest  of  the 
brain  (optic  lobes),  is  word  for  word  the  description  of  the 
development  of  the  compound  retina  of  the  Arthropod  eye,  as 
has  been  already  stated. 

The  Meaning  of  the  Optie  Divcrtieula. 

The  origin  of  the  retina  from  an  optic  epidermal  plate  in 
vertebrates,  as  in  all  other  animals,  brings  the  cephalic  eyes  of 
all  animals  into  the  same  category,  and  leaves  the  vertebrate 
eye  no  longer  in  an  isolated  and  unnatural  position.  We  see, 
in  fact,  that  the  retinal  and  nervous  arrangements  of  the 
vertebrate  eye  are  comparable  with  those  of  the  arthropod  eye, 
in  precisely  the  same  way  and  to  the  same  extent  as  the 
nervous  matter  of  the  brain  of  the  vertebrate  is  comparable 
with  the  brain  of  the  arthropod.  In  both  cases  the  nervous 
matter  is  in  structure,  position,  and  function  absolutely  homo- 
logous ;  in  both  cases  there  is  found  in  the  vertebrate  something 
extra  which  is  not  found  in  the  invertebrate — viz.,  a  hollow  tube, 
the  walls  of  which  in  the  case  of  the  brain  are  utilised  as 
supporting  tissues  for  the  nerve  structures.  The  explanation 
of  this  difference  in  the  case  of  the  brain  is  the  fundamental 
idea  of  my  whole  theory,  viz.,  that  the  hollow  tube  is  in  reality 
the  cephalic  stomach  of  the  invertebrate,  around  which  the 
nervous  brain  matter  was  originally  grouped  in  precisely  the 
same  manner  as  in  the  invertebrate.  What,  then,  are  the  optic 
diverticula  ? 

"The  formation  of  the  eye,"  as  taught  by  Balfour,^  "com- 
mences with  the  appearance  of  a  pair  of  hollow  outgrowths 
from  the  anterior  cerebral  vesicle.  These  outgrowths,  known 
as  the  optic  vesicles,  at  first  open  freely  into  the  cavity  of  the 
anterior   cerebral    vesicle.     From    this    they    soon,    however, 

'   Op.  c!t.,  \\  398. 
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become  partially  constricted,  and  form  vesicles  united  to  the 
base  of  the  brain  by  comparatively  narrow  hollow  stalks,  the 
rudiments  of  the  optic  nerves." 

"  After  the  establishment  of  the  optic  nerves,  there  takes  place 
(1)  the  formation  of  the  lens,  and  (2)  the  formation  of  the  optic 
cup  from  the  walls  of  the  primary  optic  vesicle." 

He  then  goes  on  to  explain  how  the  formation  of  the  lens 
forms  the  optic  cup  with  its  double  walls  from  the  primary 
optic  vesicle,  and  says  : 

"  Of  its  double  walls,  the  inner  or  anterior  is  formed  from 
the  front  portion,  the  outer  or  posterior  from  the  hind  portion 
of  the  wall  of  the  primary  optic  vesicle.  The  inner  or  anterior, 
which  very  speedily  becomes  thicker  than  the  other,  is  con- 
verted into  the  retina  :  in  the  outer  or  posterior,  which  remains 
thin,  pigment  is  eventually  deposited,  and  it  ultimately  becomes 
the  tesselated  pigment-layer  of  the  choroid." 

The  difficulties  in  connection  with  this  view  of  the  origin  of 
the  eye  are  exceedingly  great,  so  great  as  to  have  caused 
Balfour  to  discuss  seriously  Lankester's  suggestion  that  the 
eye  must  have  been  at  one  time  within  the  brain,  and  that  the 
ancestor  of  the  vertebrate  was  therefore  a  transparent  animal, 
so  that  light  might  get  to  the  eye  through  the  outer  coverincr 
and  the  brain  mass;  a  suggestion,  the  unsatisfactory  nature 
of  which  Balfour  himself  confessed.  Is  there  really  evidence 
of  any  part  of  either  retina  or  optic  nerve  being  formed  from 
the  epithelium  lining  of  the  tube  ? 

This  tube  is  formed  as  a  direct  continuation  of  the  tube  of 
the  central  nervous  system,  and  we  can  therefore  apply  to  it 
the  same  arguments  as  have  been  used  in  the  discussion  of  the 
meaning  of  the  latter  tul)e.  Now  the  striking  point  in  the 
latter  case  is  the  fact  that  the  lining  membrane  of  the  central 
canal  is  in  so  many  parts  absolutely  free  from  nervous  matter, 
and  so  shows,  as  in  the  so-called  choroid  plexuses,  its  simple 
non-nervous  epithelial  structure.  This  also  we  find  in  the  optic 
diverticulum.  Where  there  is  no  evidence  of  any  invasion  of 
the  tube  by  nervous  elements,  there  it  retains  its  simple  non- 
nervous  character  of  a  tube  composed  of  a  single  layer  of 
epithelial  cells — viz.,  in  that  part  of  the  tube  which,  as  Balfour 
says,  remains  thin,  in  which  pigment  is  eventually  deposited, 
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and  which  ultimately  becomes  the  tesselated  pigment  layer  of 
the  choroid.  Nobody  has  ever  suggested  that  this  pigment  layer 
is  nervous  matter,  or  ever  was,  or  ever  will  be,  nervous 
matter ;  it  is  in  precisely  the  same  category  as  the  membranous 
roof  of  the  brain  in  Ammoccetes,  which  never  was,  and  never 
will  be,  nervous  matter ;  yet,  according  to  the  old  embryology 
both  in  the  case  of  the  eye  and  the  brain,  the  pigment  layer 
and  the  so-called  choroid  plexuses  are  a  part  of  the  tubular 
nervous  system. 

Turning  now  to  the  optic  nerve,  Balfour  describes  it  as 
derived  from  the  hollow  stalk  of  the  optic  vesicle.  He  says  :  ^ 
"  At  first  the  optic  nerve  is  equally  continuous  with  both  walls 
of  the  optic  cup,  as  must  of  necessity  be  the  case,  since  the 
interval  which  primarily  exists  between  the  two  walls  is 
continuous  with  the  cavity  of  the  stalk.  When  the  cavity 
within  the  optic  nerve  vanishes,  and  the  fibres  of  the  optic 
nerve  appear,  all  connection  is  ruptured  between  the  outer  wall 
of  the  optic  cup  and  the  optic  nerve,  and  the  optic  nerve 
simply  perforates  the  outer  wall,  and  becomes  continuous  with 
the  inner  one." 

In  this  description  Balfour,  because  he  derived  the  optic 
nerve  fibres  from  the  epithelial  wall  of  the  optic  stalk,  of 
necessity  supposed  that  such  fibres  originally  supplied  both  the 
outer  and  inner  walls  of  the  optic  cup,  and  therefore,  seeing  that 
when  the  fibres  of  the  optic  nerve  appear  they  do  not  supply  the 
outer  wall,  he  supposes  that  their  original  connection  with  the 
outer  wall  is  ruptured,  because  a  discontinuity  of  the  epithelial 
lining  takes  place  coincidently  with  the  appearance  of  the  optic 
nerve  fibres,  and,  according  to  him,  the  optic  nerve  simply 
perforates  the  outer  wall  and  becomes  continuous  with  the 
inner  one.  This  last  statement  is  very  difficult  to  understand. 
I  presume  he  meant  that  some  of  the  fibres  of  the  optic  nerve 
supplied  from  the  beginning  the  inner  wall  of  the  optic  cup, 
but  that  others  which  originally  supplied  the  outer  wall  were 
first  ruptured,  then  perforated  the  outer  wall,  and  finally  com- 
pleted the  supply  of  the  inner  wall  or  retina. 

This  statement  of  Balfour's  is  the  necessary  consequence  of 
his  belief,  that  the  epithelial  cells  of  the  optic  stalk  gave  rise  to 
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the  fibres  of  the  optic  nerve.  If,  instead  of  this,  we  follow 
Kolliker  and  His,  who  state  that  the  optic  nerve  fibres  are 
formed  outside  the  epithelial  walls  of  the  optic  stalk,  and  that 
the  cells  of  the  latter  form  supporting  structures  for  the  nerve 
fibres,  then  the  position  of  the  optic  nerve  becomes  perfectly 
simple  and  satisfactory  without  any  rupturing  of  its  connection 
with  the  outer  wall  and  subsequent  perforation,  for  the  optic 
nerve  fibres  from  tiieir  very  first  appearance  pass  directly  to 
supply  the  retina — i.e.,  the  inner  wall  of  the  optic  cup  and  noth- 
ing else. 

They  pass,  as  is  well  known,  without  any  perforation  by  way 
of  the  choroidal  slit  to  the  inner  surface  of  the  inner  wall 
(retina)  of  the  optic  cup,  then  when  the  choroidal  slit  becomes 
closed  by  the  expansion  of  the  optic  cup,  the  optic  nerve  natu- 
rally becomes  situated  in  the  centre  of  the  base  of  the  cup,  and 
spreads  over  its  inner  surface  as  that  surface  expands. 

A  section  across  the  optic  cup  at  an  early  stage  at  the  junction 
of  the  optic  stalk  and  optic  cup  would  be  represented  by  the 
upper  diagram  in  fig.  8,  at  a  later  stage,  when  the  choroidal  slit 
is  closed  by  the  lower  diagram. 

The  evident  truth  of  this  manner  of  looking  at  the  orifjin  of 
the  optic  nerve  is  demonstrated  by  the  appearance  of  the  optic 
nerve  in  Ammoccetes  and  Petromyzon.  In  the  latter,  although 
the  development  is  complete,  and  the  eye,  and  consequently  also 
the  optic  nerve  fibres,  are  fully  functional,  there  is  still  present 
in  the  axial  core  of  the  nerve  a  row  of  epithelial  cells  (Axen- 
strang)  which  are  altered  so  as  to  form  supporting  structures,  in 
the  same  way  as  a  row  of  epithelial  cells  in  the  retina  is  altered 
to  form  the  system  of  supporting  cells  known  by  the  name  of 
the  Miillerian  fibres. 

The  origin  of  this  axial  core  of  cells  is  perfectly  clear,  as  has 
been  pointed  out  by  W.  Milller.  He  says  :^  "  The  development 
of  the  optic  nerve  shows  peculiarities  in  Petromyzon  of  such  a 
character  as  to  make  this  animal  one  of  the  most  valuable 
objects  for  the  deciding  of  the  various  controversial  questions 
connected  with  the  genesis  of  its  elements.  The  lumen  of  the 
stalk  of  the  primary  optic  vesicle  is  obliterated  quite  early  by 
a  proliferation  of  its  lining  epithelium.     Also  the  original  con- 
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tinuity  of  this  epithelium  with  that  of  the  pigment  layer  is  at 
an  early  period  interrupted  at  the  point  of  attachment  of  the 
optic  stalk.  This  interruption  occurs  at  the  time  when  the  fibres 
of  the  optic  nerve  first  become  visible." 

Further  on^  he  says:  "The  epithelium  of  the  optic  stalk 
develops  entirely  into  supporting  cells,  which  in  Petromyzon  fill 
up  the  original  lumen  and  so  form  an  axial  core  (Axenstrang)  to 
the  nerve  fibres  which  are  formed  entirely  outside  them ;  the 


On 

Fig.  8.— Diagram  of  the  relation  of  the  optic  nerve  to  the  optic  cup.  The  upper 
diagram  represents  a  stage  before  the  formation  of  the  choroidal  slit,  the 
lower  one  the  stage  of  closure  of  the  choroidal  slit.  R.,  retina  ;  O.n.,  optic 
nerve  ;  j>,  pigment  epithelium. 

projections  of  these  supporting  cells  are  directed  towards  the 
periphery,  and  so  separate  the  bundles  of  the  optic  nerve  fibres. 
The  mesodermal  coat  of  the  optic  stalk  takes  no  part  in  this 
separation ;  it  simply  forms  the  connective  tissue  sheath  of  the 
optic  nerve.  The  development  of  the  optic  nerve  in  the  higher 
vertebrates  also  obeys  the  same  law,  as  I  must  conclude  from  my 
own  observabions." 

The  evidence,  then,  of  the  Ammoecetes  is  very  clear.  Originally 
a  tube  composed  of  a  single  layer  of  epithelial  cells  became 
expanded  at  the  anterior  end  to  form  a  bull).     On  the  outside  of 
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this  tube  or  stalk  the  fibres  of  the  optic  nerve  make  their  ap- 
pearance arising  from  the  ganglion  cell  layer  of  the  retina,  and, 
passing  over  the  surface  of  the  epithelial  tube  at  the  choroidal 
fissure,  proceed  to  the  brain  by  way  of  the  optic  chiasma.  Owing 
to  the  large  number  of  fibres,  their  crossing  at  the  junction  of 
the  stalk  with  the  bulb,  and  the  narrowness  at  this  neck,  the 
obliteration  of  the  lumen  of  the  tube  which  takes  place  in  the 
stalk  is  carried  to  a  still  further  extent  at  this  narrow  part,  with 
the  result  that  all  continuity  of  the  cell  layers  of  the  original 
tube  of  the  optic  stalk  with  those  of  both  the  inner  and  outer 
walls  of  the  bulb  is  interrupted,  and  all  that  remains  in  this 
spot  of  the  original  continuous  line  of  cells  which  connected  the 
tube  of  the  stalk  with  that  of  the  bulb  are  possibly  some  among 
the  groups  of  cells  which  are  found  scattered  among  the  fibres 
of  the  optic  nerve  at  their  entrance  into  the  retina.  Such 
separation  of  the  originally  continuous  elements  of  the  epithelial 
wall  of  the  optic  stalk,  which  is  apparent  only  at  this  neck  of 
the  nerve  in  Petromyzon,  takes  place  along  the  whole  of  the 
optic  nerve  in  the  higher  vertebrates,  so  that  no  continuous 
axial  core  of  cells  exists,  but  only  scattered  supporting  cells. 

If  further  proof  be  wanted,  it  is  given  by  the  evidence  of 
physiology,  which  shows  that  the  fibres  of  the  optic  nerve  are  no 
different  to  other  nerve  fibres  of  the  central  nervous  system,  but 
that  they  degenerate  when  separated  from  their  nerve  cell,  and 
that  the  nerve  cell  of  which  the  optic  nerve  fibre  is  a  process 
is  the  large  ganglion  cell  of  the  ganglionic  layer  of  the  retina. 
The  origin  of  the  ganglionic  layer  of  the  retina  cannot  therefore 
be  separated  from  that  of  the  optic  nerve  fibres.  If  the  one  is 
outside  the  epithelial  tube,  so  is  the  other,  and  what  holds  true 
of  the  ganglionic  layer  must  hold  good  of  the  rest  of  the  retinal 
ganglion,  and  from  all  that  has  been  said,  of  the  retina  itself. 
We  therefore  come  to  the  conclusion  that  the  evidence  is 
distinctly  in  favour  of  the  view,  that  the  retina  and  optic  nerve 
in  the  true  sense  are  structures  which  originally  were  outside  a 
non-nervous  tube,  but,  just  like  the  nervous  system  as  a  whole, 
have  amalgamated  so  closely  with  the  elements  of  this  tube  as  to 
utilise  them  for  supporting  structures,  with  the  exception  of  its 
dorsal  wall,  which,  like  the  corresponding  part  of  the  brain  tube, 
still  retains  its  original   character,  and   by  the   deposition  of 
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pigment  has  been  pressed  into  the  service  of  the  eye  to  form 
the  pigmented  epithelial  layer. 

We  can,  however,  go  further  than  this,  for  we  know  definitely 
in  the  case  of  the  retina  what  has  been  the  fate  of  the  epithelial 
cells  lining  this  tube.  They  have  become  the  system  of  support- 
ing structures  known  as  Milllerian  fibres. 

The  epithelial  layer  of  the  primary  optic  vesicle  can  be  traced 
in  direct  continuity  with  the  lining  epithelium  of  the  brain 
cavity,  as  a  single  layer  of  epithelium  cells  in  the  core  of  the 
optic  nerve,  forming  the  optic  stalk,  which,  in  consequence  of 
close  contact,  becomes  the  well-known  axial  layer  of  supporting 
cells.  This  epithelial  layer  of  the  optic  stalk  then  expands  to 
form  the  optic  bulb,  the  outer  or  dorsal  wall  of  which  still 
remains  as  a  single  layer  of  epithelium,  which  becomes  the  layer 
of  pigment  epithelium.  This  layer  of  epithelium  becomes 
doubled  on  itself  by  the  approximation  of  the  inner  or  ventral 
wall  of  the  optic  cup  to  the  outer  or  dorsal  wall  in  consequence 
of  the  presence  of  the  lens,  and  still  remaining  a  single  layer, 
forms  the  imrs  ciliaris  retinm  ;  then  suddenly  at  the  ora  sei-rata 
the  single  epithelial  layer  appears  to  vanish,  and  the  layers  of 
the  retina  take  its  place.  It  has  long  been  known,  however, 
that  even  throughout  the  retina  this  single  epithelial  layer  still 
continues,  being  known  as  the  fibres  of  Mliller.  This  is  how 
the  fact  is  described  in  the  last  edition  of  Fosters  Text-hook  of 
Physiology,  p.  1308  :  "  Stretching  radially  from  the  inner  to  the 
outer  limiting  membrane  in  all  regions  of  the  retina  are  certain 
peculiar-shaped  bodies  known  as  the  radial  fibres  of  Miiller, 
Each  fibre  is  the  outcome  of  the  changes  undergone  by  what 
was  at  first  a  simple  columnar  epithelial  cell.  The  changes 
are,  in  the  main,  that  the  columnar  form  is  elongated  into 
that  of  a  more  or  less  prismatic  fibre,  the  edges  of  which  become 
variously  branched,  and  that  while  the  nucleus  is  retained  the  cell 
substance  becomes  converted  into  neuro-keratin.  And,  indeed, 
at  the  ora  serrata  the  fibres  of  Miiller  may  be  seen  suddenly  to 
lose  their  peculiar  features  and  to  pass  into  the  ordinary 
columnar  cells  which  form  the  ^^ars  ciliaris  retince." 

It  is  then  absolutely  clear  that  the  essential  parts  of  the  eye 
may  be  considered  as  composed  of  two  parts — 

1.  A  tube  or  diverticulum  from  the  tube  of  the  central  nervous 
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system,  composed  throughout  of  a  single  layer  of  epithelium, 
which  forms  the  supporting  axial  cells  in  the  optic  nerve,  the 
pigment  epithelium  and  the  Miillerian  fibres  of  the  retina. 
Such  a  tube  would  be  represented  by  the  accompanying  fig.  9, 
and  the  left  side  of  fig.  4. 

2.  The  retina  proper  with  the  retinal  ganglion  and  the  optic 
nerve  fibres  as  already  discussed.  In  this  part  supporting 
elements  are  found  just  as  in  any  other  compound  retina  of  the 
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Fig.  9. — Diagram  representing  the  single-layered  epithelial  tube  of  the  vertebrate 
eye  after  removal  of  the  nervous  and  retinal  elements.  O.n.,  axial  core  of 
cells  in  optic  nerve  ;  p.,  pigment  epithelium  ;  ji.c.r.,  pars  ciliaris  retinoe  ; 
m.f.,  Mulleriau  fibres  ;  /.,  lens. 


nature  of  neuroglia,  which  are  independent  of  the  Miillerian 
fibres. 

Of  these  two  parts  we  have  already  seen  that  the  second  is 
to  all  intents  and  purposes  a  compound  retina  of  a  crustacean 
eye,  and  seeing  that  the  single-layered  epithelial  tube  is 
continuous  with  the  single-layered  epithelial  tube  of  the  central 
nervous  system — i.e.,  with  the  cephalic  part  of  the  gut  of  the 
arthropod  ancestor — it  follows  with  certainty  that  the  ancestor 
of  the  vertebrates  must  have  possessed  two  anterior  diverticula 
of  the  gut,  with  the  wall  of  which,  near  the  anterior  extremity, 
the  compound  retina  has  amalgamated  on  either  side,  just  as  the 
infracesophageal  gangha   have  amalgamated  with  the  ventral 
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wall  of  the  main  gut  tube.  In  this  way,  and  in  this  way  alone, 
does  the  interpretation  of  the  structure  of  the  vertebrate 
lateral  eye  harmonise  in  the  most  perfect  manner  with  the  rest 
of  the  conclusions  given  in  this  series  of  papers. 

The  question  therefore  arises — Have  we  any  grounds  for  be- 
lieving that  the  ancient  forms  of  primitive  crustaceans  and 
primitive  arachnids,  which  were  so  abundant  in  the  time  when 
the  Cephalaspids  appeared,  possessed  two  anterior  diverticula  of 
the  stomach,  such  as  the  consideration  of  the  vertebrate  eye 
strongly  indicates  must  have  been  the  case. 

The  beautiful  pictures  of  Blanchard,^  and  his  description,  show 
how,  on  the  Arachnid  side,  paired  diverticula  of  the  stomach  are 
nearly  universal  in  the  group.  Thus,  although  they  are  not 
present  in  the  scorpions,  still,  in  the  Thelyphonidfe,  Phrynidse, 
Solpugidse,  Mygalidse,  tbe  most  marked  characteristic  of  the 
stomach  region  is  the  presence  of  four  pairs  of  ctecal  diverticula, 
which  spread  laterally  over  the  prosomatic  region.  In  the 
spiders  the  number  of  such  diverticula  increase,  and  the  whole 
prosomatic  region  becomes  filled  up  with  these  tubes.  Blanchard 
considers  that  they  form  nutrient  tubes  for  the  direct  nutrition 
of  the  organs  in  the  prosoma,  especially  the  important  brain 
region  of  the  central  nervous  system.  He  points  out  that  these 
animals  are  blood-suckers,  and  that,  therefore,  their  food  is 
already  in  a  suitable  form  for  purposes  of  nutrition  when  it  is 
taken  in  by  them,  so  that,  as  it  were,  the  anterior  part  of  the 
gut  is  transformed  into  a  series  of  vessels  or  diverticula  con- 
veying blood  directly  to  the  important  organs  in  the  prosoma 
by  means  of  which  they  obtain  nourishment  in  addition  to  their 
own  blood  supply. 

The  universality  of  such  diverticula  among  the  Arachnids 
makes  it  highly  probable  that  the  progenitors  of  the  Arachnids 
did  possess  an  alimentary  canal  with  one  or  more  pairs  of 
anterior  diverticula.  In  the  vertebrate,  however,  the  paired 
diverticula  are  associated  with  a  compound  retina,  a  combination 
which  does  not  occur  among  living  arachnids  ;  we  must,  there- 
fore, examine  the  crustacean  group  for  the  desired  combination, 
and  naturally  the  most  likely  group  to  examine  are  the 
Phyllopods,  especially  such  primitive  forms  as  Branchipus  and 
1  Blanchard,  L' organization  clu  Eegnc  animal — Arachnides. 
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Artemia,  for  it  is  universally  acknowledged  that  these  forms 
are  the  nearest  living  representatives  of  the  Trilobites.  If  it 
therefore  be  found  that  the  retina  and  optic  nerve  in  Artemia 
is  in  specially  close  connection  with  an  anterior  diverticulum 
of  the  gut  on  each  side,  then  it  is  almost  certain  that  such  a 
combination  existed  also  in  the  Trilobites. 

As  already  referred  to  in  Part  I.^  of  this  series  of  papers,  I 
requested  Mr  W.  B.  Hardy  to  examine  the  central  nervous 
system  of  the  crustacean  group  for  the  purpose  of  comparing 
it  in  detail  with  the  vertebrate  central  nervous  system.  The 
result  was  that  most  excellent  paper  published  in  the  Phil. 
Trans. ^"  in  which  the  nervous  system  of  Branchipus  and  Artemia 
were  taken  into  consideration,  as  well  as  that  of  Astacus. 
Further,  in  the  course  of  this  work,  series  of  sections  through 
the  whole  animal  were  made  by  him,  and  incidentally  he 
pointed  out  to  me  how  the  gut  in  Artemia  was  prolonged  head- 
wards  into  two  anterior  diverticula,  and  how  closely  the  two 
lateral  eyes  were  attached  to  these  diverticula.  This  observation 
of  Hardy  gave  me  the  clue  to  the  meaning  of  the  lateral  eyes  of 
Vertebrates,  and  with  his  permission  I  reproduce  here  one  of  his 
sections  showing  one  of  the  two  anterior  diverticula  cut  across, 
and  the  retinal  ganglion  so  closely  attached  that  the  lining 
cells  of  the  ventral  part  of  the  diverticulum  form  a  lining  to 
the  retinal  ganglion  (fig.  10).  I  have  plotted  out  by  means  of 
a  camera  lucida  the  series  of  sections,  with  the  result  that  the 
retina  appears  as  a  bulging  attached  ventro-laterally  to  the 
extremity  of  each  gut  diverticulum,  as  is  shown  in  fig.  11:  it 
is  instructive  to  compare  with  this  figure  Scott's  picture  ^  of 
the  developing  eye  in  Ammocoetes,  where  he  figures  the  retina 
as  a  bulging  attached  ventrally  to  the  extremity  of  the  narrow 
tube  of  the  optic  diverticulum.  In  fig.  12,  A,  I  reproduce  this 
figure  of  Scott,  and  by  the  side  of  it,  fig.  12,  B,  I  have  repre- 
sented the  origin  of  the  vertebrate  eye  as  I  believe  it  to  have 
occurred. 

We  see,  then,  this  most  striking  fact,  that  in  the  most  primi- 
tive of  the  Crustaceans,  not  only  are  there  two  anterior  diver- 

1  This  Journal,  vol.  xxxii.  p.  528. 

2  p/;;7.  Trans.  Roy.  Soc,  1894,  B,  p.  83. 
■*  Journ,  of  MurphoJ.,  vol.  i. 


260 


DE   WALTER   H.   GASKELL. 


ticula  of  the  gut,  but  also  the  retinal  ganglion  of  the  lateral  eye 
is  in  specially  close  connection  with  the  end  of  the  diverticulum 
on  each  side.  In  fact,  we  find  in  the  nearest  living  representa- 
tive of  the  Trilobites  a  retina  and  retinal  ganglion  and  optic 
nerve  closely  resembling  that  of  the  vertebrate  in  close  con- 
nection with  an  epithelial  tube,  which  has  nothing  to  do  with 
the  organ  of  sight,  but  is  one  of  a  pair  of  anterior  gut  diverticula. 


Al  ' 


-rt.gl 


Fig.  10.— Section  through  one  of  the  two  anterior  diverticula  of  the  gut  in 
Artemia  and  the  retinal  ganglion.  The  section  is  through  the  extreme 
anterior  end  of  the  diverticulum,  thus  cutting  through  many  of  the  columnar 
cells  at  right  angles  to  their  axis.  AK,  gut  diverticulum  ;  rt.  <jl.,  retinal 
ganglion. 

It  is  impossible  to  obtain  more  decisive  evidence  that  the 
Trilobites  possessed  a  pair  of  gut  diverticula  surrounded  to  a 
greater  or  less  extent  by  the  retina  and  optic  nerve  of  each 
lateral  eye. 

Such  anterior  diverticula  are  commonly  found  in  the  lower 
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Crustacea ;    they   are    usually  known   by   the    name    of   liver 
diverticula,  but  as  they  take  no  part  in  digestion,  but,  on  the 


le 


Fig.  11. — The  brain,  eyes,  and  anterior  termination  of  tlie  alimentary  canal  of 
Artemia,  viewed  from  the  dorsal  aspect,  Br.,  brain;  I.e.,  lateral  eyes; 
C.C.,  median  eyes  ;  Al.,  alimentary  canal. 


contrary,  represent  that  part  of  the  gut  which  is  most  active  in 
absorption,  the  term  liver  is  not  appropriate,  and  it  is  therefore 


A  B 

Fig.  12. — A,  the  formation  of  the  retina  of  the  eye  of  Ammoccetes  (after  Scott) ; 
B,  the  formation  of  the  retina  of  the  eye  of  Ammoccetes,  on  my  theory. 
B.,  retina  ;  I.,  lens  ;  O.n.,  optic  nerve  fibres  ;  Al.,  cephalic  end  of  inverte- 
brate alimentary  canal;  V.,  cavity  of  ventricles  of  brain;  AJ.d.,  anterior 
diverticulum  of  alimentary  canal  ;  op.d.,  optic  diverticulum. 

l)etter    to   call   them   simply  the  pair  of  anterior  diverticula. 
Our   knowledge    of  their  function  in  Daphnia  is   given  in  an 
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admirable  paper  by  Hardy  and  M'Dougall,^  which  does  not 
appear  to  be  widely  known.  Hardy  succeeded  in  feeding 
Daphnia  with  yolk  of  egg  in  which  carmine  grains  were  mixed, 
and  was  able  in  the  living  animal  to  watch  the  whole  process 
of  deglutition,  digestion,  and  absorption.  The  food,  which  is 
made  into  a  bolus,  is  moved  down  to  the  middle  region  of  the 
gut,  and  there  digestion  takes  place,  then  by  an  antiperistaltic 
movement  the  more  fluid  products  of  the  digestion  process  are 
sent  right  forward  into  the  two  anterior  diverticula,  where  the 
single  layer  of  columnar  cells  lining  these  diverticula  absorbs 
these  products,  the  cells  becoming  thickly  studded  with  fat 
drops  after  a  feed  of  yolk  of  egg.  The  carmine  particles,  which 
were  driven  forward  with  the  proteid  and  fat  particles,  are  not 
absorbed,  but  are  at  intervals  driven  back  by  contractions  of 
the  anterior  diverticula  to  the  middle  region. 

These   observations   prove    most  clearly  that  these  anterior 
diverticula   have    a  special   nutrient  function,  being  the  main 
channels  by  which  new  nutrient  material  is  brought  into  the 
body,  and,  as  pointed  out  by  the  authors,  it  is  a  remarkable 
exception  in  the  animal  kingdom  that  absorption  should  occur 
in  the  portion  of  the  gut  which  is  anterior  to  that  in  which 
digestion  occurs.     In  all  these  animals  these  two  anterior  diver- 
ticula  extend  forwards  over  the  brain,  and,  as  we  have  seen  in 
Branchipus,  their  anterior  extremities  are  so  intimately  related 
to  a  part  of  the  brain — viz.,  the  retinal  ganglion — as  to  form  a 
lining  membrane  to  that  mass  of  nerve  cells  ;  it  follows,  there- 
fore, that  the  nutrient  fluid  absorbed  by  these  cells  must  be 
primarily  for  the  service  of  the  retinal  ganglion.     In  fact,  the 
relations  of  this  anterior  portion  of  the  gut  to  the  brain  as  a 
whole  suggest  strongly  that  the  marked  absorbing  function  of 
this  anterior  portion  of  the  gut  is  in  order  to  supply  in  tlie 
first  place  nutrient  material  to  the  most  vital,  most  important 
organ  in  the  animal— the  brain  and  its  sense  organs.     This  con- 
clusion is  borne  out  by  the  fact  that  in  these  lower  Crustaceans 
the  circulation  of  blood  is  of  a  very  inefficient  character,  so  that 
the  tissues  are   mainly   dependent  for  their  nutrition  on  the 
fluid  immediately  surrounding  them.     It  stands  to  reason  that 

^   "  On  the  structure  and  functions  of  tlie  alimentary  canal  of  Daphnia,"  Pruc. 
of  Camiridge  Pldlosopli.  Soc,  vol.  viii.  ji.  41,  1893. 
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the  establishment  of  the  anterior  portion  of  the  gut  as  a 
nutrient  tube  to  the  brain  would  necessitate  a  closer  and  closer 
application  of  the  brain  to  that  tube,  so  that  the  process  of 
amalgamation  of  the  brain  with  the  single  layer  of  columnar 
epithelial  cells  which  constituted  the  wall  of  the  gut,  which  we 
see  in  its  initial  stage  in  the  retinal  ganglion  of  Branchipus, 
would  tend  rapidly  to  increase  as  more  and  more  demands  were 
made  upon  the  brain,  until  at  last  both  supra-  and  infra- 
cesophageal  ganglia,  as  well  as  the  retinal  ganglia  and  optic 
nerves,  were  in  such  close  intimate  connection  with  the  ventral 
wall  of  the  anterior  portion  of  the  gut  and  its  diverticula  as  to 
form  a  brain  and  retina  closely  resembling  that  of  Ammocoetes. 

I  conclude  from  this  evidence  that  the  gut  in  the  more 
generalised  early  Crustacean  forms,  such  as  the  Trilobites,  which 
were  allied  on  the  one  hand  to  the  Arachnids,  and  on  the  other 
to  the  Vertebrates,  terminated  headwards  in  a  pair  of  anterior 
diverticula,  which  were  in  close  relation  to  the  lateral  eyes  and 
optic  nerves. 

Such  an  origin  for  the  lateral  eyes  of  the  vertebrate  explains 
in  a  simple  and  satisfactory  manner  why  the  vertebrate  retina 
is  a  compound  retina,  and  why  both  retina  and  optic  nerve  have 
an  apparent  tubular  development. 

At  the  same  time  one  discrepancy  still  exists  which  requires 
consideration — viz.,  in  no  Arthropod  eye  possessing  a  compound 
retina  is  the  retina  inverted.  All  the  known  cases  of  inversion 
among  Arthropods  occur  in  eyes,  the  retina  of  which  is  simple, 
and  are  all  natural  consequences  of  the  process  of  invagination 
by  which  the  retina  is  formed.  On  the  other  hand,  eyes  with 
an  inverted  compound  retina  are  not  entirely  unknown  among 
invertebrates,  for  the  eyes  of  Pec  ten  and  of  Spondylus  possess 
a  retina  which  is  inverted  after  the  vertebrate  fashion,  and  still 
may  be  spoken  of  as  compound  rather  than  simple.  It  is  clear 
that  an  invagination,  the  effect  of  which  is  an  inversion  of  the 
retinal  layer,  would  lead  to  the  same  result,  whether  the  retinal 
optic  nerve  fibres  were  short  or  long,  whether,  in  fact,  a  retinal 
ganglion  existed  or  not.  Undoubtedly  the  presence  of  the 
retinal  ganglion  tends  greatly  to  obscure  any  process  of  in- 
vagination, so  that,  as  already  mentioned,  many  observers,  like 
Parker,  consider  the  retina  of  the  crustacean  lateral  eye  to  be 
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formed  by  a  thickening  only,  without  any  invagination,  while 
Keichenbach  says  an  obscure  invagination  does  take  place  at  a 
very   early   stage.     So   in   the   vertebrate  eye  most  observers 
speak   only  of   a  thickening  to   form   the   retina,  but   Gotte's 
observation  points  to  an  invagination  of  the  optic  plate  at  an 
early  stage.     So  also  in  the  eye  of  the  Pecten,  Korschelt  and 
Heider   consider  that  the   thickening,  by  which  the  retina  is 
formed  according  to  Patten,  in  reality  hides  an  invagination 
process   by   means   of   which,   as   Biltschli  suggests,  an  optic 
vesicle  is  formed  in  the  usual  manner.     The  retina  is  formed 
from  the  anterior  wall  of  this  vesicle,  and  is  therefore  inverted. 
The  origin  of  the  inverted  retina  of  the  vertebrate  eye  does 
not  seem  to  me  to  present  any  great  difficulty,  especially  when 
one  takes  into  consideration  the  fact  that  it  is  just  the  lateral 
eyes  in   which    the  retina  is  inverted  in  the  Arachnid  group. 
The  inversion  is  usually  regarded  as  associated  with  the  tubular 
formation  of  the  vertebrate  retina,  and  it  is  possible  to  suppose 
that  the  retina  became  inverted  in  consequence  of  the  involve- 
ment of  the  eye  with  the  gut  diverticulum.     I  do  not  myself 
think   any  such  explanation   at   all   likely,    because   I   cannot 
conceive    such  a   process    taking  place    without   a    temporary 
derangement — to  say  the  least  of  it — of  the  power  of   vision, 
and  as  I  do  not  believe   that  evolution  was  brought  about  by 
sudden,  startling  changes,  but  by  gradual,  orderly  adaptations, 
and  as   I   also    believe  in    the   paramount  importance   of   the 
organs  of  vision  for  the  evolution  of  all  the  higher  types  of  the 
animal  kingdom,  I  must  believe  that  in  the  evolution  from  the 
Arthropod  to  the  Cephalaspid,  the  lateral  eyes  remained  through- 
out functional.     I  therefore,  for  my  own  part,  would  say  that 
the  inversion  of   the   retina   took   place    before  the  complete 
amalgamation  with  the  gut  diverticulum,  that,  in  fact,  among  the 
proto-crustacean,  proto-arachnid  forms  there  were  some   suffi- 
ciently arachnid  to  have  an  inverted  retina,  and  at  the  same 
time  sufficiently  crustacean  to  possess  a  compound  retina,  and, 
therefore,   a    compound   inverted   retina   after   the   vertebrate 
fashion  existed  in  combination  with  the  anterior  gut  diverticula. 
Thus  when  the  eye  and  optic  nerve  sank  into  and  amalgamated 
with  the  gut  diverticulum,  neither  the  dioptric  apparatus  or 
the  nervous  arrangements  would  suffer  any  alteration,  and  the 
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animal  throughout  would  possess  organs  of  vision  as  good  as 
before  or  after  the  period  of  transition. 

In  confirmation  of  this  suggestion,  we  find  the  very  striking 
statement  that  the  lateral  eyes  of  the  Trilobites  are  not  in  all 
cases  facetted,  but,  as  Korschelt  and  Heider  point  out,  were 
apparently  of  an  Arachnid  nature  in  Harpes  vittatus  and  H. 
uugula.  They  say  ^ :  "  Paheoutologists  have  appropriately  described 
them  as  ocelli,  although,  from  a  zoological  point  of  view,  they 
do  not  deserve  this  name,  having  most  probably  arisen  in  a  way 
similar  to  that  conjectured  in  connection  with  the  lateral  eyes 
of  scorpions."  This  observation  requires  further  investigation, 
but  distinctly  points  to  the  possibility  that  in  the  Trilobites  the 
Crustacean  and  Arachnid  type  of  eye  simultaneously  existed. 

Further,  we  see  that  not  only  the  retina  but  also  the  dioptric 
apparatus  of  the  vertebrate  eye  point  to  its  origin  from  a  type 
that  combined  the  peculiarities  of  the  arachnids  and  the 
crustaceans.  In  the  former  it  is  difhcult  to  speak  of  a  true 
lens,  the  function  of  a  lens  being  undertaken  by  the  cuticular 
surface  of  the  cells  of  the  corneagen  (Mark's  lentigen),  while  in 
the  latter,  in  addition  to  the  corneal  covering,  a  true  lens  exists 
in  the  shape  of  the  crystalline  cones.  Further,  these  crustacean 
lenses  are  true  lenses  in  the  vertebrate  sense,  in  that  they  are 
formed  by  modified  hypodermal  cells,  as  is  also  the  case  in  the 
vertebrate  lens,  and  not  as  bulgiugs  of  the  cuticle,  as  in  the 
arachnid.  We  see,  in  fact,  that  in  the  compound  crustacean  eye 
an  extra  layer  of  hypodermal  cells  has  become  inserted  between 
the  cornea  and  the  retina  to  form  a  lens,  so  also  in  the  verte- 
brate eye  the  lens  is  formed  by  an  extra  layer  of  the  epidermal 
cells  between  the  cornea  and  the  retina.  The  fact  that  the 
vertebrate  eye  possesses  a  single  lens,  though  its  retina  is 
composed  of  a  number  of  ommatidia,  while  the  crustacean  eye 
possesses  a  lens  to  each  ommatidium,  may  well  be  a  consequence 
of  the  inversion  of  the  vertebrate  retina.  It  is  most  probable, 
as  Korschelt  and  Heider  have  pointed  out,  that  the  retina  of  the 
arachnid  eyes  is  composed  of  a  number  of  ommatidia,  just  as  in 
the  crustacean  eyes  and  in  the  inverted  eyes  it  is  probable  that  the 
image  is  focussed  on  to  the  pigmented  tapetal  layer,  and  thence 
reflected  on  to  the  percipient  visual  rods.     In  such  a  method  of 

'  Op.  cif.,  part  iii.  p.  71. 
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vision  a  single  lens  is  a  necessity,  and  so  it  must  also  be  if,  as  I 
suppose,  eyes  existed  with  an  inverted  compound  retina.  Owing 
to  the  Crustacean  affinities  of  such  eyes,  a  lens  would  be  formed, 
and  the  retina  would  be  compound  :  owing  to  the  Arachnid 
affinities,  the  retina  would  be  inverted  and  the  hypodermal  cells 
which  formed  the  lens  would  be  massed  together  to  form  a 
single  lens,  instead  of  being  collected  in  groups  of  four  to  form 
a  series  of  crystalline  cones. 

The  origin  of  the  sclera  and  of  the  cornea,  as  deduced  from 
the  study  of  Ammocoetes,  presents  matters  of  great  interest,  but 
as  this  question  is  more  intimately  connected  with  the  origin  of 
the  external  covering  of  Ammoccetes,  I  will  not  deal  with  it  here, 
but  leave  it  to  the  part  in  which  I  propose  to  consider  the 
evidence  given  by  the  structure  of  the  skin  of  Ammocoetes. 

To  sum  up :  The  study  of  the  vertebrate  eyes,  both  median 
and  lateral,  leads  to  most  important  conclusions  as  to  the 
origin  of  the  Vertebrates,  for  they  show  clearly  that  whereas, 
as  pointed  out  throughout  these  papers,  the  ancestor  possessed 
distinct  Arachnid  characteristics,  yet  that  it  cannot  have  been 
a  specialized  Arachnid,  such  as  our  present-day  forms,  but  rather 
that  it  was  of  a  primitive  Arachnid  type,  with  distinct  Crusta- 
cean characteristics,  an  auimal  that  was  both  Crustacean  and 
Arachnid,  but  not  yet  specialized  in  either  direction,  an  animal, 
in  fact,  of  precisely  the  kind  which  swarmed  in  the  seas  at  the 
time  when  the  Vertebrates  first  made  their  appearance.  In  the 
opinion  of  the  present  day,  the  ancestral  forms  of  the  Crustacea, 
which  were  directly  derived  from  the  Annelida,  may  be  classed 
as  an  hypothetical  group  the  Protostraca,  the  nearest  approach 
to  which  is  a  primitive  Phyllopod.  "  Starting  from  the  Proto- 
straca, say  Korschelt  and  Heider,^  "  according  to  the  present 
condition  of  our  knowledge,  we  may,  as  has  been  already  re- 
marked, assume  three  great  series  of  development  of  the  Arthro- 
podan  stock,  by  the  side  of  which  a  number  of  smaller  indepen- 
dent branches  have  been  retained.  One  of  these  series  leads 
through  the  hypothetical  primitive  Phyllopod  to  the  Crustacea ; 
the  second  through  the  Paheostraca  (Trilol)ita,  Gigantostraca, 
Xiphosura)  to  the  Arachnida ;  the  third  through  forms  resem- 
l)ling    Peripatus    to    the    Myriapoda    and    the    Insecta.     The 

^   Op.  cit.,  part  iii.  ]).  427. 
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Pantopoda  and  the  Tardigrada  must  probably  be  regarded  as 
smaller  independent  branches  of  the  Arthropodan  stock."  To 
these  three  great  series  of  development  of  the  Arthropodan 
stock  the  evidence  of  Ammocwtes  shows  that  a  fourth  must  be 
added,  which,  starting  also  from  the  Protostraca,  and  closely 
connected  with  the  second  Pakeostracan  branch,  leads  through 
the  Cephalaspida  to  the  great  kingdom  of  the  Vertebrata. 
Such  a  direct  linking  of  the  earliest  vertebrates  with  the 
Annelida  through  the  Protostraca  is  of  the  utmost  importance, 
as  will  be  shown  later  in  the  explanation  of  the  origin  of  the 
vertebrate  coelom  and  urinary  apparatus. 


ABEEDEEN  UNIVEESITY  ANATOMICAL  AND 
ANTHROPOLOGICAL  SOCIETY. 

In  the  summer  of  1899  the  above  Society  was  founded  in  con- 
nection with  this  University.  Prof.  Eeid,  M.D.,  F.E.C.S.,  was 
appointed  the  first  President,  and  at  the  opening  meeting,  held  in 
November,  he  delivered  his  presidential  address,  in  which  he  stated 
the  aims  and  objects  of  the  Society.  He  also  indicated  a  number  of 
interesting  lines  of  investigation  which  the  members  might  undertake, 
and  strongly  urged  the  careful  and  systematic  registration  of 
anthropometrical  measurements  in  the  more  remote  regions  of  the 
North  of  Scotland.  Such  work,  he  said,  would  be  of  great  value 
before  a  general  admixture  of  type  occurred. 

In  a  very  able  manner  he  put  forward  the  claims  for  the  establish- 
ment of  a  General  Anthropological  Museum,  stating  that  graduates 
at  home  and  abroad  could  give  valuable  aid  in  the  formation  of 
such.  He  was  confident  that  in  the  new  University  extension 
scheme  ample  accommodation  would  be  provided  for  such  a  valuable 
and  educative  institution. 

The  secretaries  received  letters  of  cordial  support  from  the 
following  Anatomists  and  Anthropologists  in  the  country  :— Principal 
Sir  Wm.  D.  Geddes,  Prof.  Macalister,  Prof.  Sir  Wm.  Turner,  Sir 
John  Evans,  Prof.  Arthur  Thomson,  Prof.  Cunningham,  Prof. 
Stewart,  Prof.  Howes,  Prof.  Arthur  Keith,  Prof.  Windle,  Prof. 
Haddon',  Mr  Francis  Galton,  Prof.  Keane,  Mr  C.  H.  Eeade,  Dr 
Beddoe,  Sir  Wm.  M'Gregor. 

At  the  first  meeting,  held  in  the  Anatomical  Department  on  9th 
November,  a  series  of  Paleolithic  implements  from  the  Somme  Valley 
and  South  of  England,  sent  to  the  Society  by  Sir  John  Evans,  was 
exhibited.  A  liver  shewing  the  so-called  Riedel's  lobe  was  shewn, 
as  also  a  specimen  of  double  direct  inguinal  hernia. 

At  the  second  meeting,  held  on  9th  January  of  this  year,  an  interest- 
ing case  of  thirteen  ribs,  three  of  wliich  joined  the  manubrium  sterni, 
was  exhibited  by  Dr  Low,  Senior  Assistant  in  the  Anatomical  Depart- 
ment. A  demonstration  on  the  morphology  of  certain  foetal  fissures 
was  given  by  jNIr  E.  D.  Keith.  Three  interesting  specimens  of 
decorated  New  Guinea  skulls  from  the  ethnological  collection  in  the 
Anatomical  Museum  were  exhibited,  along  with  objects  shewhig 
similar  artistic  work  from  New  Guinea,  belonging  to  the  collection 
of  Sir  Wm.  ^Sl'Ciregor,  contained  in  the  Anthropological  IMuseum. 
A  well-marked  case  of  supracondylar  process  was  shewn  and  com- 
mented upon.  Prof.  Eeid  said  tbat  this  was  the  only  case  that  had 
occurred  in  the  last  two  hundred  subjects  which  had  been  dissected 
in  the  Anatomical  rooms. 
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VIII.  ' 

Teochanter. 

A  COEEESPONDENT,  Dr  Jamiesoii  of  tlie  Anatomical  Department, 
Edinburgh,  has  directed  my  attention  to  the  use  of  this  word  as 
the  name  of  the  famiUar  femoral  processes.  I  had  noted,  before 
receiving  his  letter,  that  our  standard  lexicon,  Liddell  and 
Scott,  has  a  rather  remarkable  note  on  this  word  (p.  1584), 
TpoxuvT'>]p,  "pro2)erl'i/  a  runner;  the  Ixdl  on  wMeli  the  hipbone 
turns  in  its  socl'ct,  Galen;  ef.  Epigr.  ap.  Sext.  Emp.  M.  i.  316  sq., 
Poll.  ii.  187.  II.  part  of  the  stern  of  a  ship,  Hesych.  III.  an 
instrument  of  torture,  Joseph.  Mace,  8." 

This  definition  is  remarkable,  for  if  anything  is  clearer  than 
another  in  Galen's  description,  it  is  that  the  trochanter  and  the 
"  ball  on  which  the  hipbone  turns  "  are  not  the  same  thing.  The 
word  occurs  twice  in  Galen.  In  Be  Ossibus,  cap.  21,  he  says, 
(XTTO^vcrei^  Se  e^ef  Svo  juiKpa^  f  tto/cuto)  tou  uv^^evo^,  a?  Tpo\avT>ipuii 
ovofid^ova-L  (Kuhn,  ii.  773). 

Again,  in  the  De  Achninist.  Anat.  he  speaks  again  of  the 
€K(pvcri<i  beside  the  head  of  the  thighbone,  which  is  called  tro- 
chanter. The  head  of  the  bone  he  specifically  describes  as  the 
K€(paX}],  the  same  name  by  which  Hippocrates  distinguishes 
this  part.  (The  trochanter  is  neither  named  nor  described  by 
Hippocrates.) 

On  what  authority  the  lexicographers  made  the  statement 
quoted  is  not  clear.  The  older  and  more  accurate  authority, 
Stephanus,  gives  the  proper  meaning  for  the  word,  adding  "  pu- 
tantur  autem  a  rpoxf^^eiv  esse  dictae  quod  omnis  motus  cursusque 
per  musculos  his  apophysibus  insertis  perficiantur."  Julius 
Pollux  likewise,  in  his  Onomasiikon,  gives  the  Galenical  definition 
Trjv  irep'i  rt]  Ke(fjaXi]  rod  fxrjpov  toov  o<tt(Joi'  eKcfiva-iv.  Hesychius 
(1524)  says  that  is  the  bony  knob  external  to  the  head  of  the 
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femur.  In  this  sense,  likewise,  all  the  classical  anatomists  used 
the  word,  and  in  not  one  case  known  to  me  is  the  head  of  the 
femur  indicated  by  it. 

Galen  having  failed  as  the  authority  for  this  sense,  I  turned  to 
the  epigram  in  Sextus  Empiricus,  which  will  he  found  in  his 
criticism  of  the  Grammarians  (ed.  Fabric,  1842,  ii.  125).  In  the 
"nonsense  verse"  there  quoted  the  word  does  occur,  but  the 
whole  epigram  is  so  obscure  that  I  fail  to  make  out  of  it  any 
justification  for  the  definition.     The  verse  runs  thus  :— 

//  yap  croi  Skto-oIo-iv  ('tt'  ovpecri  oitto?  epao-T>?9 
€(f)0iTO,  Kal  veaTt]i'  /aoip   aveQi]K€  (jivcriv. 
ap6p(p  ev  acnriSoevTi  ^e/Si^Kora  yvla  kuO'  oXfxov 
^da-a  TpoxavT')]puiv  axpi  irepia-TpecJ^eTai. 
criiiepSaXea  S'  virevepQev  aXwireKO^  cixpi  Soxalm 
aiocivo<i  x«'^^«/octi'  a-vvSpofxov  ap^ovu]?. 

As  trochanter  is  a  part  of  a  ship,  I  thought  it  might  be  worth 
seeking  whether  there  it  meant  a  runner  or  an  apparatus  for 
turning;  and  as  well  as  I  can  make  out  the  rather  crabbed 
passage  in  Basil's  M'aumachia  (in  Fabric.  Bihliuth.  Grccc.,y\\\.  140), 
it  seems  to  be  a  structure  connected  with  the  rudder  for  turning 
it ;  so  also  in  Zonaras,  p.  1750,  it  is  said  to  be  "  part  of  a  ship." 
Hesychius  {Lex.  1523)  says  generally  that  it  is  part  of  the  stern 
hard  by  the  rudder. 

In  the  third  sense,  as  an  instrument  of  torture,  the  word  is 
used  in  the  fourth  book  of  Maccabees,  viii.  12,  and  also  in  Gregory 
Nazianzen's  Encomium  on  the  (so-called)  Maccabean  family 
tortured  by  Antiochus,  but  I  can  get  no  light  on  the  nature  of 
this  instrument ;  it  is  mentioned  along  with  the  wheel  and  the 
rack,  so  it  must  have  been  some  other.  However,  even  the 
editor,  IMorelli,  was  not  able  to  render  it  into  Latin  more  speci- 
fically than  to  call  the  trochanters  "  exquisitissima  quneque 
tormenti  genera." 

The  sum  of  the  matter,  then,  seems  to  be  that  the  anatomists 
are  right  in  calling  the  knobs  which  give  attachments  to  the 
rotating  muscles  trochanters,  and  the  lexicographers  are  wrong 
in  supposing  that  trochanter  and  /ce0a\;;  were  ever  synonymous. 

A.  M. 
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II.  Das  menschliche  Feraur,  nehst  Beitrdgen  zur  Kenntniss  der  Affen- 
femora.  Inaugural  Dissertation,  von  Johannes  Bumtiller. 
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III.  Einiges  iiber  Zwergemoticlis.      Von  Dr  F.  Birkner.      Miinchen, 
1899. 

I. 

Professor  Schlosser  reviews  recent  literature  on  the  subject  of  fossil 
aathropoid  apes,  and  gives  the  titles  of  five  papers  (by  Hofmann, 
Roger,  Harle,  Dubois,  and  v.  Branco)  on  this  subject.  While  admit- 
ting the  interest  which  the  now  famous  fragments  of  Pithecaiithropus 
eredus  must  possess,  the  author  devotes  the  greater  part  of  his  article 
to  the  consideration  of  other  fossils.  In  almost  every  instance  there 
will  be  found  differences  of  opinion  as  to  the  exact  relation  of  fossil 
and  recent  forms,  and  the  present  essay  gives  a  summary  of  tlie 
grounds  on  which  the  several  views  are  held.  In  this  place  it  will 
only  be  possible  to  give  the  very  briefest  notice  of  each  case.  The 
tirst  fossil  anthropomorphous  ape  referred  to  is  that  known  as  Plio- 
jjithecus  antiquus,  a  form  of  which  the  remains  are  found  in  Steier- 
mark,  at  Giiriach.  Hofmann  regards  Pliopithet'us  antiquus  as  closely 
allied  to  the  living  species  of  Hylohates,  and  Schlosser  agrees  with 
this  view,  which  is  opposed  by  Dubois,  who  believes  that  "funda- 
mental "  differences  between  the  fossil  and  recent  forms  are  demon- 
strable. 

Palaeopithecus  sivalensis  is  next  dealt  with,  and  here  again  we  find 
Dubois  and  Schlosser  in  opposition,  the  former  claiming  a  place  for 
this  Asiatic  form  widely  separated  from  all  recent  forms  (it  had  been 
regarded  as  closely  allied  to  Troglodytes  niger),  whereas  Schlosser  finds 
himself  little  inclined  to  agree  with  this  view,  though  he  does  not  say 
which  recent  anthropoid  ape  is  indicated  as  the  nearest  in  position  to 
Palaeopithecus. 

The  next  instance  is  that  of  the  femur  found  at  Eppelsheim,  and  long 
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attributed  to  Dri/ojnfhems  foiitani.  ]Jubois  suggests  that  the  Eppels- 
heim  anthropoid  ape  was  much  more  hylobatian  than  Dryopithems, 
and  proposes  to  name  it  PJioln/lobate-s  eppelslieimensis.  Schlosser 
demurs  to  this  alteration,  but  as  he  admits  the  strongly-marked  hylo- 
batian characters  of  the  femur,  we  think  his  position  rather  weak  in 
this  case.  In  further  reference  to  Dryopithecus,  the  work  of  v.  Branco 
on  fossil  teeth  from  the  Suabian  iron-ore  deposits  is  described  and 
criticised.  This  discovery  appears  to  be  of  the  very  greatest  interest 
and  importance,  for  the  teeth  obtained  from  this  miocene  stratum  are 
admitted  to  be  hardly  distinguishable  from  human  teeth  ;  but  yet 
the  possibility  of  their  human  nature  is  regarded  as  inadmissible, 
because  hitherto  no  human  remains  have  occurred  in  miocene  deposits. 
This  argument  does  not  appear  to  us  to  carry  much  weight,  however. 
V.  Branco  refers  the  teeth,  therefore,  to  Dryopithecus,  and  to  this 
Schlosser  seems  to  give  a  hesitating  assent. 

V.  Branco  further  discusses  the  relations  of  INIan  and  the  fossil 
anthropoid  apes,  and  suggests  that  the  anthropomorphous  ancestor  will 
be  found  to  have  acquired  the  erect  attitude,  and  to  have  possessed 
arms  shorter  than  its  legs  (in  contradistinction  to  recent  anthropoid 
apes).  As  regards  Pitliecantl tropics  eredus,  v.  Branco  regards  it  as  a 
member  of  an  early  hylobatian  stock,  from  which  the  human  ancestor 
had  already  diverged.  Dryopithems,  too,  was  probably  the  represen- 
tative of  another  collateral  stock  contemporary  with  Tertiary  Man. 
Professor  Schlosser  next  proceeds  to  discuss  the  general  position  of 
Dryopithecus  more  fully,  and  arrives  at  the  conclusion  that  we  must 
admit  that  this  form  was  very  variable,  certainly  in  regard  to  the 
characters  of  the  molar  teeth,  and  probably  in  respect  of  other  features 
also,  just  as  is  the  living  Simia  satyrus,  as  Selenka  has  lately  so  clearly 
demonstrated.  To  Avhat  forms  Dryopithecus  eventually  gave  rise  is 
not  very  dogmatically  stated,  as  information  is  so  scanty ;  but  it  is 
suggested  that  Simia  and  Troglodytes  niger  may  represent  the  evolved 
forms,  but  that  the  case  is  doubtful  for  Pithecanthropus  eredus  and 
Palaeopjithecus  sivalensis,  while  Man  and  Gorilla  are  certainly  not  to 
be  referred  back  to  Dryopithecus. 

Finally,  Pithecanthropus  eredus  is  considered,  and  the  question  as 
to  whether  it  is  to  be  regarded  as  a  gigantic  Hylohates  is  discussed 
with  great  ability  and  lucidity.  An  additional  interest  may,  perhaps, 
be  added  to  this  part  of  the  subject  by  mentioning  that  during  the 
recent  International  Congress  for  Prehistoric  Archjieology  and  Anthro- 
pology, held  at  Paris,  Professor  Virchow  again  affirmed  that  Pithe- 
canthropus  eredus  was  a  gigantic  Gibbon.  Two  points  in  Professor 
Schlosser's  comments  appear  to  us  specially  noteworthy.  In  the  first 
place,  Professor  Schlosser  deprecates  the  description  of  Pithecantli,rnpus 
erectns  as  a  gigantic  HytoJiates,  on  the  ground  that  small  dimensions 
are  essential  to  such  an  Hylohates  by  reason  of  the  terms  in  which 
that  Primate-form  is  defined.  To  speak  of  a  "  gigantic  "  Hylohates 
would  thus  amount  to  a  contradiction  in  terms.  But  the  second,  far 
more  important,  and  in  fact  the  real  point  at  issue,  is  not  so  much  of 
conferring  a  descriptive  title  on  the  animal  as  the  answering  of  the 
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question,  "  Was  Pithecanihropus  eredus  such  a  form  as  could  have 
given  rise  to  Man  ? "  We  may  conclude  this  notice  by  summing  up 
Professor  Schlosser's  answer,  which  is  to  the  following  effect,  viz. : — 
That  judging  by  the  characters  of  the  calvaria  and  of  the  femur,  the 
differences  are  not  too  great  to  admit  of  the  possibility  of  Pithec- 
antliTopus  eredus  having  figured  in  the  human  ancestry  ;  but  that  the 
characters  of  the  tooth  (Professor  Schlosser  appears  to  refer  to  one 
tooth  only)  do  not  corroborate  this  conclusion.  Therefore,  until 
further  light  on  the  structure  of  Pitheranthropus  eredus  is  forth- 
coming, it  will  be  impossible  to  arrive  at  a  definite  opinion.  Professor 
Schlosser  considers  that  it  must  be  admitted  that  in  the  reduction  of 
the  canine  teeth  (inferred  from  the  characters  of  the  calvaria),  and 
in  the  acquisition  of  the  erect  attitude  (inferred  from  the  characters  of 
the  femur),  PWiecanthropus  possesses  characters  which  remove  it  so 
far  from  all  known  anthropoid  apes,  and  bring  it  so  close  to  Man, 
that  logically  we  should  create  for  this  form  a  second  genus  of  the 
family  Hominidie. 

At  the  risk  of  protracting  the  present  account  too  much,  it  must 
be  said  that  a  striking  reflection  arises  from  the  consideration  of  this 
review — viz.,  that  where  the  available  material  is  so  scanty,  the 
determination  of  the  relative  values  of  the  various  anatomical  (osteo- 
logical  or  dental)  characters  as  criteria  of  phylogenetic  affinity,  becomes 
a  subject  of  enormous  importance.  The  characters  appealed  to  in  the 
Lemuroidea  and  lower  Primates  will  be  found  on  reference  to  Br 
Forsyth-Majors'  recent  article  in  the  Geological  Magazine  (November 
1900),  and  Professor  Schlosser's  article  gives  numerous  instances  of 
the  criteria  adopted,  and  discusses  the  question  of  their  relative  im- 
portance in  the  higher  members  of  the  same  order.  But  this  question 
is  not  yet  finally  settled,  and  the  results  of  systematic  investigation 
and  testing  of  these  criteria  in  a  great  number  of  skeletons  of 
anthropoid  apes  and  of  INIan  would  prove  of  the  very  highest  value. 
As  the  present  notice  aims  at  giving  an  account  of  the  article  by 
Professor  vSchlosser,  any  criticism  of  the  arguments  must  be  reserved 
for  the  present.  W.  H.  L.  Duckworth. 

II. 

In  the  second  memoir  cited  above,  Dr  Bumiiller  has  undertaken  inves- 
tigations of  the  nature  of  those  suggested  in  the  foregoing  notice. 
This  highly  elaborate  dissertation  on  the  human  femur  is  divided  into 
twelve  chapters ;  in  the  earlier  of  these  the  human  femur  alone  is 
considered,  the  observations  being  made  on  three  collections  of 
femora — one  of  mediaeval  antiquity  from  Lindau,  in  Bavaria,  the  other 
two  series  from  Munich.  Some  general  results  are  first  recorded,  the 
right  femur  being  found  on  the  average  to  be  shorter  and  more  slender 
than  the  left.  No  remnants  of  a  dwarf  element  in  the  population  of 
Bavaria  were  discovered.  In  the  next  chapters,  pilastering,  platy- 
meria,  torsion  of  the  shaft,  the  comparison  of  the  sexes  and  of  indi- 
vidtials  at  diff'erent  ages,  and  the  determination  of  stature  from  the 
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dimensions  of  the  femur,  are  all  discussed  at  length.     Then  follows  a 
detailed  research  on  the  femoral  characters  of    quite   a  number  of 
Primates  of  all  kinds,  and  a  summary  of  the  results  is  furnished  in  a 
separate  table  of  notes.     The  Primates  are  grouped  according  to  their 
femoral  characteristics.     The  fossil  members  of  this  order  are  also 
investigated  and  compared    with  the   existing   representatives.      As 
regards  the  various  measurements  made  and  indices  calculated,  that 
which  the  author  calls  the  "  Bandradien  Index  "  has  proved  the  most 
satisfactory.    This  index  is  based  on  the  comparison  of  lines  drawn  in 
the  horizontal  and  vertical  directions  respectively  to  the  margin  of  the 
inferior  and  posterior  articular  surface  of  the  femur,  from  the  impres- 
sion indicative  of  the  attachment  of  the  external  lateral   ligament. 
The  essential  difference  between  the  femora  of  Man  and  of  the  anthro- 
poid apes  consists  in  the  fact  of  the  superiority  of  the  vertical  over 
the  horizontal  radius  in  the  former,  whereas  in  the  latter  the  opposite 
relation    holds    good.       Perhaps   the    most    interesting    part    of    Dr 
Bumiiller's  work  consists  in  the  comparison  of  the  femur  of  Pithecan- 
tliropus  with  those  of  other  Primates.     The  conclusion  arrived  at  is  that 
the  evidence  for  the  intermediate  or  transitional  position  of  the  Javan 
fossil  is  insufficient;  that  the  femur  of  Fithecanfhrojms  ered  us  tested  in 
a  variety  of  ways,  shows,  time  after  time,  similarities  with  the  femora 
of  lower  Primates  rather  than  with  those  of  human  beings ;  that  in 
consequence,  Pithecmitliropus  erectus  cannot  be  regarded  as  human  ; 
and  further,  that  while  the  femur  possesses  certain  points  of  similarity 
with  those  of  the  various  anthropoid  apes,  yet  it  finds  its  nearest 
counterpart  in  proportions,  if  not  in  absolute  size,  among  the  Gibbons, 
so  that  Virchow's  opinion  is  hereby  corroborated.     It  is  also  important 
to  notice  that  Dr  Bumiiller  believes  that  Pithecanfhwpus  erectus  had 
not  acquired  the  erect  attitude.      AVithout  entering  into  a  detailed 
account  of  the  several  arguments,  it  is  not  possible  to  explain  the  steps 
which,  in  Dr  Bumiiller's  opinion,  lead  to  the  latter  conclusion.     It 
must  suffice  to  say  that  the  characters  of  the  calvaria  of  Pitliecantliro- 
pus  include  several  which  will  not  be  easily  explained  in  accordance 
with  that  supposition.     In  Dr  Bumiiller's  opinion,  "the"  tooth  (pre- 
sumably that  which  was  first  found,  although,   when  Dr   Bumiiller 
■wrote  his  dissertation  in  1899,  two  more  teeth  had  been  brought  to 
light)  presents  characters  which  approximate  their  possessor  to  one  or 
other  of  the  larger  anthropoid  apes  rather  than  to  any  member  of  tho 
Hylobatian  family.     On  the  whole,  then,  this  agreement  in  characters, 
first  with  one,  then  with  another  member  of  the  Primates,  impresses 
one  very  strongly  with  the  fact  that  we  have  here  to  deal  with  a  com- 
paratively generalised  form,  and  not  necessarily  a  gigantic  H/jIohafes, 
as  Dr  Bumiiller  would  have  us  believe.      In  fact,  according  to  Pro- 
fessor Schlosser,  the  Javan  primate  might,  if  judged  by  the  calvaria 
and  femur  alone,  have  figured  in  the  direct  ancestry  of  man.     From 
this  latter  view,  however,  1  )ubois  himself  seems  to  have  withdrawn 
in  his  later  writings;  of  this  there  is,  I  think,  good  evidence  in  the 
article  in  the  Monthly  International  Journal  of  Anatomy  and  Physi- 
ology, vol.  xiii.,  as  well  as  in  the  later  paper  by  Dubois  in  the  Pro- 
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ceedings  of  the  Fourth  International  Congress  of  Zoology,  although 
Klaatsch,  in  1899,  does  not  seem  to  have  recognised  this  {cf.  Mittheil- 
tmge7i  der  Anthropologisrhen  Gesellschaft  in  Wien,  Band  xxx.  No.  1, 
Sitzungsberichte,  s.  89).  I  think  the  conclusion  that  is  best  justified 
by  the  facts  is  this — viz.,  that  Pithecanthropus  eredus  furnishes  us  with 
a  likeness,  if  not  a  facsimile,  of  a  phase  in  the  evolution  of  the  human 
form  from  that  of  a  generalised  primate  mammal,  and  a  phase, 
moreover,  which  is  nearer  the  terminal  human  stage  than  that 
shown  by  any  other  primate  form,  whether  anthropoid  or  lower,  and 
whether  recent  or  extinct. 

In  concluding  this  notice  of  Dr  Bumviller's  work,  the  fullest  tribute 
to  the  author's  industry  and  energy  must  be  paid,  and  the  dissertation 
must  be  regarded  as  worthily  maintaining  the  reputation  of  the  Munich 
Anthropological  Institute  and  its  director,  Professor  Ranke. 

W.  H.  L.  D. 

III. 

De  Birkner  has  made  a  very  useful  contribution  to  the  subject  of 
dwarfishness,  or,  if  the  adaptation  may  be  permitted,  of  Nanism.  His 
observations  were  made  on  dwarfs  from  Burmah  and  from  Ceylon. 
He  makes  out  a  good  case  in  support  of  his  proposition  to  the 
effect  that  there  must  be  distinguished  varying  degrees  of  dwarfish- 
ness, or  what  may  be  styled  total  nanism  and  partial  nanism ;  the 
essential  difference  between  the  total  and  partial  forms  consisting 
in  the  fact  that  true  (total)  dwarfs  possess,  in  respect  of  limbs  and 
trunk,  the  proportions  obtaining  in  adults  of  normal  size ;  whereas,  in 
the  partial  or  pseudo  dwarfs  (partial  nanism),  the  trunk  is  relatively 
longer  and  the  legs  proportionately  shorter  than  in  normal  adults ; 
herein  dwarfs  of  the  latter  class  retain  the  infantile  proportions. 

Dr  Birkner  suggests  that  the  so-called  dwarf  races  will,  when  such 
a  discriminating  investigation  is  brought  to  bear  on  their  physical  pro- 
portions, present  us  with  examples  of  each  class ;  and  he  surmises  that 
the  Asiatic  pygmies  may  very  probably  fall  into  the  category  of  partial 
dwarfs.  ^ 

Similar  investigations  must  also  be  instituted  in  the  case  of  the 
pygmy  individuals,  on  the  occurrence  of  which  a  theory  as  to  the 
former  peopling  of  Europe  by  a  pygmy  stock  of  mankind  has  been 
advanced,  before  that  view  can  be  adopted  as  reasonably  probable. 

W.  H.  L.  D. 


IV.  Studies  in  Cranial  Variation.  By  Frank  Russell,  Lecturer  in 
Physical  Anthropology,  Harvard  College,  Mass.  Reprint  from 
the  American  Naturalist,  vol.  xxxiv.  No.  405,  Sept.  1900. 

Dr  Russell  has,  in  the  above  essay,  published  the  results  of  a  statis- 
tical inquiry  into  the  frequency  of  occurrence  of  certain  cranial 
characteristics ;  the  material  utilised  consisting  of  nearly  two  thousand 
crania  in  the  Peabody  Museum   at  Harvard  University.     Attention 
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was  specially  paid  to  the  following  points — viz.,  the  metopic  suture, 
the  occurrence  of  tympanic  exostoses,  the  "  fronto-parietal  "  (better 
known  as  the  "  os  bregmatis  "),  parietal  foramina,  the  epactal  bone, 
platybasia,  the  jugular  (paracondylar)  process,  the  Ayniara  fossa, 
fusion  of  atlas  and  occipital  bone,  and  the  torus  palatinus.  The 
results  are  presented  in  tabular  form  and  in  percentages,  which 
facihtates  comparison  of  the  different  series.  The  crania  are,  without 
exception,  those  of  races  of  the  New  World.  The  Eskimo  are 
found  to  head  the  list  with  the  greatest  frequency  of  occurrence  of 
platybasia  (which  is  not  quite  in  accordance  with  the  experience^  of 
others)  and  of  the  torus  palatinus.  The  paper  is  illustrated  by  nine 
figures  of  as  many  crania  presenting  features  of  particular  interest. 

W.  H.  L.  L). 
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The  Annual  General  Meeting  of  the  Anatomical  Society  of  Great 
Britain  and  Ireland  was  held  at  St  Thomas's  Hospital  Medical  School, 
on  Friday,  November  16tb,  at  4.30  p.m.  Professor  Windlb,  F.R.S., 
during  the  temporary  absence  of  the  President,  Professor  Young, 
occupied  the  chair.  Twenty-one  members  and  four  visitors  were 
present. 

The  minutes  of  last  meeting  were  read  and  confirmed. 

The  Hon.  Treasurer,  Professor  Howes,  F.R.S.,  submitted  the 
following  balance-sheet  for  the  year,  which,  on  the  proposal  of 
Professor  Thane,  seconded  by  Dr  Robinson,  was  unanimously 
adopted. 

Treasurer's  Account  for  the  Year  ending 
November  1900. 

Receipts. 

Balance  in  Treasurer's  hands,  Nov.  2nd,  1899, 
Subscriptions  for  current  year,    .... 

„  in  arrear,        ..... 

„  in  advance,    ..... 
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Payments. 

Printing,  including  despatch  of  Notices  and  Proceedings 

and  sundry  printers'  expenses,      .         .         .         .      £22  18     3 

Cost  of  illustrations  (including  grant  for  Dr  Gaskell's 

Memoir), 26  11     7 

Miscellaneous  expenses  (including  petty  cash,  Hon. 
Secretary  and  Treasurer,  postage,  stationery,  hire 
of  lantern,  commission  on  cheques,  and  expenses 
of  Manchester  meeting),       .         .  ,      .         .         .  8-08 

Balance  in  Treasurer's  hands,  Nov.  2nd,  1900,      .         .         5Q  ' -5     0 

£107  15     6 
Examined  and  found  correct. 

James  Black,     )  .  G-  E.  Howes,  Hon.  Treas. 

c.  -r>  /-  Auditors. 

Stanley  Boyd,  ) 

November  Qth,  1900. 

The  following  were  elected  officers  of  the  Society  for  the  current 
year: — President — A.  H.  Young,  M.B.  Vice-Presidents — B.  C  A. 
Windle,  M.D.,  D.Sc,  F.K.S. ;  *Clement  Lucas,  M.S. ;  *David  Hep- 
burn, M.D.  Treasurer — G.  B.  Howes,  LL.D.,  F.R.S.  Secretaries — 
A.  Keith,  M.D.  (England) ;  T.  H.  Bryce,  M.D.,  F.R.S.E.  (Scotland) ; 
Ch.  Patten,  M.D.  (Ireland).  Council  — G.  Addison,  M.D. ;  R.  J. 
Berry,  M.D.,  F.R.S.E. ;  ♦A.  Birmingham,  M.D. ;  A.  F.  Dixon,  M.B. ; 
*L.  A.  Dunii,  M.B. ;  E.  Fawcett,  M.B. ;  *W.  H.  Gaskell,  M.D., 
F.R.S. ;  Robert  Howden,  M.B. ;  C.  B.  Lockwood ;  A.  Macalister, 
M.D.,  F.R.S.;  J.  Musgrove,  M.D. ;  F.  G.  Parsons;  A.  M.  Paterson; 
*W.  E.  Ridewood,  D.Sc;  Arthur  Robinson;  Barclay  Smith,.  M.D. ; 
J.  Symington,  M.D.;  G.  D.  Thane;  Arthur  Thomson,  M.B.-;  *Peter 
Thompson,  M.B. 

An  asterisk  denotes  those  members  who  have  not  filled  a  similar 
position  during  the  preceding  year. 

Before  proceeding  to  elect  officers,  the  meeting  unanimously  agreed 
to  abrogate  bye-law  15  :   "That  one  secretary  retire  each  year." 

Election  to  the  Society  : — Surgeon- Major  S,  Hassan,  I.M.S.,  pro- 
posed by  A.  Keith,  J.  H.  Sequeira,  H.  Rigby. 

It  was  proposed  from  the  Chair,  "  That  this  Society  records  in  its 
minutes  the  great  loss  it  has  sustained  in. the  death  of  Vice-President 
Professor  A.  W.  Hughes,  and  that  an  expression  of  the  Society's  sym- 
pathy be  sent  to  Mrs  Hughes." 
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'    The  following  communications  were  made  : — 

»  (1)  Mr  Edred  M.  Corner  showed  the  following  case  for  Dr 
Marris.  a  woman,  aged  28,  was  under  the  care  of  Dr  Bastian  at 
the  National  Hospital,  Queen's  Square,  for  neuritis  of  uncertain  origin. 
On  the  left  side  of  her  neck  an  anomalous  muscle  was  present.  Its 
origin  was  under  the  sterno-mastoid,  and  by  means  of  faradisation 
could  be  ascertained  to  be  the  transverse  process  of  the  atlas  and 
probably  the  axis  also.  The  insertion  was  on  the  outer  end  of  the 
clavicle  at  its  posterior  part.  Its  action  was  to  raise  the  clavicle. 
The  muscle  was  only  present  on  the  left  side  of  the  neck,  and,  as  far 
as  was   obtainable,   was    the    only   mal-development    in   her   family 


Fig.  1. — Photograph  of  woman,  showing  omo-tiachelian  muscle. 
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history.  It  was  undoubtedly  an  example  of  the  omo-trachelian  or  lev- 
ator claviculse,  so  rarely  seen  in  man,  and  the  case,  as  being  recognis- 
able in  the  living  subject,  is  unique. 

(2)  Mr  Edrbd  M.  Corner  exhibited  a  Monster  that  had  been 
only  in  part  examined.  It  was  an  example  of  a  rare  anencephalous  and 
acardiac  condition.  The  birth  was  that  of  twins,  the  fellow  of  the 
specimen  shown  being  that  of  a  living  healthy  child.  Externally, 
numerous  congenital  abnormalities  were  present,  such  as  no  anus, 
auditory  pits,  etc.  The  blood  supply  to  the  monster  had  not  been 
through  its  umbilical  cord,  but  through  a  coJinection  between  its  scalp 
and  the  placenta  of  the  healthy  foetus. 
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(3)  G.  B.  Howes  exhibited  some  reconstructional  models  of  the 
developing  skull  of  the  Tuatara  {Sphenodon  puncfatus),  produced  in 
the  course  of  a  couple  of  years'  work  upon  the  skeleto-genesis  of  that 
animal  by  himself  and  one  of  his  pupils  (Mr  H.  H.  Swinnerton),  upon 
which  a  fully  illustrated  memoir  is  to  immediately  appear  in  the  Trans. 
Zool.  Soc.  He  also  exhibited  specimens  of  the  young  at  the  stages  dealt 
with.  Giving  an  account  of  the  work,  he  dwelt  more  especially  upon 
the  dermal  skeleton  of  the  hand  and  face  in  its  bearings  on  questions  of 
phylogeny,  and  upon  the  chondro-cranium,  as  supporting  Huxley's 
conclusion  that  the  trabeculpe  cranii  are  a  pair  of  prpeoral  visceral  arches. 
Explaining  the  method  of  '  reconstruction,'  he  adverted  to  the  fact  that 
the  pioneer  in  that  department  of  research  is  TuUy  Newton,  the  Eng- 
lish palaeontologist,  and  that  his  work  is  memorably  associated  with 
Huxleyean  traditions. 

(4)  Professor  A,  Macalister,  F.R.S.,  Specimens  sJiotoing  the  styloid 
process  of  the  Ulna  as  a  separate  hone. 

(5)  Professor  B.  C.  A.  Windle,  F.R.S.,  Three  specimens  of  Double 
Monstrosity  in  Kittens.  They  showed  the  influence  of  the  point 
of  apposition  of  the  two  converging  Hues  of  development  upon  the 
subsequent  rotation  of  the  embryos,  and  consequently  upon  the 
ultimate  position  of  the  neighbouring  limbs. 

(6)  Dr  T.  H.  Brtce. — Professor  W.  E.  Thomson's  specimens  of 
the  skulls  of  young  rabbits,  in  Avhich  one  eye  had  been  enucleated, 
demonstrating  that  the  removal  of  the  eyeball  led  to  fmilty  develop- 
ment of  the  orhit. 

(7)  Dr  Walter  Kidd  read  a  paper  on  The  Meaning  of  the  Hair 
Slopes  in  Man.  This  paper  appears  in  the  next  number  of  the 
Journal  of  Anatomy  and  Physiology. 

(8)  Dr  W.  H.  Gaskell,  F.R.S. ,  read  a  paper  on  llie  Origin  of  the 
Vertebrate  Eye  and  the  Meaning  of  the  Second  Fair  of  Cranial 
Nerves,  of  which  the  following  is  an  abstract.  The  paper  will  appear 
at  length  in  the  Journal  of  Anatomy  and  Physiology. 

Dr  Gaskell  pointed  out  that  all  eyes  were  divisible  into  two  groups, 
those  with  a  simple  retina  and  those  with  a  com[)Ound  retina,  the  latter 
consisting  of  a  simple  retina  to  which  a  part  of  the  brain,  the  retinal 
ganglion,  was  added.  In  both  groups,  the  retina  and  the  portion  of 
the  brain  known  as  the  optic  ganglion  are  formed  at  first  in  close 
contiguity,  and  in  both  groups  the  brain  withdraws  from  the  surface ; 
the  difference  being  that  in  the  first  case  the  whole  brain,  inclusive 
of  the  optic  portion,  withdraws,  leaving,  as  communication  with  the 
retina,  the  optic  nerve ;  in  the  second  case,  a  portion  of  the  optic 
ganglion,  the  retinal  ganglion,  is  left  behind  in  close  connection  with 
the  surface,  to  form  the  compound  retina,  the  rest  of  the  brain  with- 
drawing, and  thus  leaving   as   communication  with   the  compound 
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retina  the  optic  stalk,  the  so-called  oj^tic  nerve  in  Vertebrates.  Owing 
to  this  amalgamation  of  the  retinal  ganglion  with  the  epidermal 
retina,  it  is  in  this  second  group  that  the  retina  proper  has  been  sup- 
posed to  have  a  cerebral  origin,  although  in  the  simple  retina  such 
origin  is  clearly  out  of  the  question.  The  Vertebrata,  like  the 
Arthropoda,  possess  median  eyes  and  lateral  eyes,  and  in  all  cases 
the  retina  of  the  former,  like  that  of  the  pineal  eyes,  is  simple,  while 
the  retina  of  the  latter  is  either  simple,  as  in  the  Arachnoids,  or  com- 
pound, as  in  the  Crustaceans. 

He  pointed  out  further  that  the  retina  of  the  lateral  eyes  of  the 
spiders  is  inverted,  while  that  of  the  median  eyes  is  always  upright, 
so  also  the  lateral  eyes  of  Vertebrates  possess  an  inverted  retina,  but 
the  pineal  eyes  an  upright  one.  In  every  respect  the  pineal  eyes  agree 
with  the  median  eyes  of  the  Arthropoda,  but  the  lateral  eyes  are  not 
of  the  type  found  in  the  Arachnida,  but  possess  a  compound  retina 
like  that  found  in  the  lateral  eyes  of  the  Crustaceans. 

He  then  compared  the  compound  retina  of  the  Vertebrata  with 
that  found  in  the  Arthropoda,  and  showed  how  closely  the  layers 
corresponded,  the  correspondence  being  most  marked  when  the  retina 
of  Ammocoetes  was  made  use  of  for  the  comparison ;  not  only  are  the 
nervous  elements  remarkably  similar,  but  also  both  retinas  possess 
supporting  neuroglial  elements,  and  in  both  the  fibres  of  the  optic 
stalk  or  nerve  form  a  true  chiasma  on  their  way  to  the  optic  lobes  of 
the  opposite  sides. 

In  the  vertebrate  as  in  the  arthropod,  the  withdrawal  from  the 
surface  of  the  whole  brain,  with  the  exception  of  the  retinal  ganglion, 
explains  the  formation  of  the  optic  nerve,  and  accounts  for  the  so-called 
cerebral  origin  of  the  retina. 

The  only  essential  difference  between  these  two  compound  retinae 
consists  in  the  fact  that  a  separate  system  of  supporting  fibres,  the 
Miillerian  fibres,  are  found  in  the  Vertebrate  retina,  but  not  in  that 
of  the  Crustacean. 

The  author  then  pointed  out  that  the  Miillerian  fibres  are  recog- 
nised as  modified  columnar  epithelial  cells  continuous  with  those  of 
the  pars  ciliaris  retina',  and,  therefore,  with  the  single-layered  pig- 
ment epithelium  and  the  epithelial  cells  which  form  the  core  of  the 
optic  nerve  in  Ammocoetes  ;  these  latter  cells  are  continuous  with 
the  cells  lining  the  central  cavities  of  the  brain,  so  that  the  whole 
forms  a  single-layered  epithelial  tube — viz.,  that  of  the  optic  diver- 
ticulum. In  other  words,  the  optic  diverticulum,  just  like  the  rest 
of  the  tube  of  the  central  nervous  system,  is  naturally  divisible  into 
two  parts — 1,  a  non-nervous  epithelial  tubular  part,  consisting  of  a 
tube  of  single-layered  cells,  which  forms  the  cellular  core  of  the  optic 
nerve,  the  pigment  epithelium  of  the  retina,  the  j^arx  ciliaris  retince, 
and  the  fibres  of  Midler  ;  and  2,  a  nervous  and  retinal  part,  composed 
of  a  retina,  retinal  ganglion,  and  optic  stalk,  directly  comparable  with 
the  compound  retina  and  optic  stalk  of  a  crustacean  lateral  eye. 

The  conclusion  is  inevitable ;  the  ancestor  of  the  vertebrates  must 
have  had  a  pair  of  anterior  diverticula  of  the  gut  with  which  the 
retinal  ganglia  and  optic  stalks  of  the  two  lateral  eyes  were  closely  in 
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connection,  in  the  same  way  as  the  brain  was  closely  connected  with 
the  gut  itself. 

The  author  then  referred  to  the  ctecal  diverticula  of  the  front  part 
of  the  gut  in  the  Arachnids,  and  pointed  out  how  a  pair  of  such 
anterior  diverticula  is  present  in  such  low  Crustacean  forms  as  Bran- 
chipus,  Artemia,  etc.  What  is  still  more  significant,  the  retinal 
ganglion  is  so  closely  attached  to  the  anterior  extremity  of  the 
diverticulum  of  each  side  as  to  be  fused  with  its  lining  columnar 
cells.  In  these  animals  these  diverticula  form  nutrient  channels, 
especially  for  the  important  cerebral  region. 

The  author,  therefore,  concluded  that  the  Trilobites,  the  nearest 
living  representatives  of  which  are  confessedly  Branchipus,  Artemia, 
and  Apus,  possessed  two  nutritive  anterior  diverticula  of  the  gut  in 
close  relation  to  the  two  lateral  eyes,  and  that  by  the  more  intimate 
fusion  of  these  two  organs,  doubtless  for  the  purpose  of  nutrition, 
the  vertebrate  lateral  eye  with  its  single-layered  tube  of  columnar 
supporting  cells  arose.  He  imagined,  therefore,  that  the  vertebrate 
eye,  with  its  inverted  compound  retina,  owed  its  peculiarities  to  an 
ancestor  which  was  neither  Arachnid  nor  Crustacean,  as  at  present 
defined,  but  partly  Crustacean,  so  that  the  retina  was  compound  ; 
partly  Arachnid,  so  that  the  retina  was  inverted ;  in  fact,  to  an  animal 
derived  from  the  great  Trilobite  stock,  such  as  was  abundant  on  the 
earth  when  the  Cephalaspids  made  their  appearance. 
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ON  THE  TOPOGRAPHICAL  ANATOMY  OF  THE  ABDO- 
MINAL VISCEEA  IN  MAN,  ESPEC TALLY  THE 
GASTPiO  -  INTESTINAL  CANAL.  Part  IV.  By 
Christopher  Addison,  M.D.,  B.S.  (Lond.),  F.R.C.S.,  Pro- 
fessor of  Anatomy,  Univei^sity  College,  Sheffield.  (Plates 
XXXIL,  XXXIII,  and  XXXIV.,  and  two  Tables.) 

(Continued  from  page  204.) 
Table  VII. 


Average  Positions  of  the  Parts  in  the  Ileo-colic  Region  and  of 

the  Large  Intestine. 

Distance  (centimetres). 
The    lower   border   of   the   ileo-colic    junction   as   to 

CD., 2-3  below. 

The   lower   border   of   the   ileo-colic    junction   as   to 

A.S.S.,  ........  2"6  above. 

The   lower   border   of   the   ileo-colic  junction    as   to 

:Mid.  hne, 5-9 

The  root  of  the  appendix  as  to  CD.,  .         .         .  3  below. 

umbilicus,  .         .  5'7    ,, 

A.S.S.,       ...  2  above. 

Mid.  line,  ...  6 

The  lowest  point  of  the  caecum  as  to  A.S.S.,        .         .  r23  below. 

,,  ,,  „        Mid.  line,  .         .  6'1 

Innermost  point        „  „        A.S.S.,        .         .  2*1  above. 

„  „  „        Mid.  line,    .  .  S'-i 

Inner  border  of  large  intestine  at  the  right,  in  CD.,  as 

to  Mid.  line,  .  .  .  .  .  .  .5*5 

Outer  border  of  large  intestine  at  the  right,  in  CD.,  as 

to  Mid.  line,  .         .         .         .         .         .         .ITS 

Highest  point  of  the  hepatic  flexure  colon  as  to  E.F.,  .  2"5  below. 
„                 „                 „                 „         from    the 

Mid.  line, 9 
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Distance  (centimetres). 
Lowest  point  of  the  hepatic  loop  of   the   transverse 

colon  as  to  E.F., 9-8  below. 

Lowest  point  of  the  hepatic  loop  of  the   transverse 

colon  from  the  INIid.  line, 6*5 

The   upper   border   of   the   transverse    colon   in    the 

Et.L.L.  as  to  E.F., 2 '25  below. 

The   upper   border   of   the   transverse  colon    in    the 

Mid.  line  as  to  E.F.,       .         .         .         .         .         .       3-2       „ 

The   upper    border   of   the   transverse   colon    in    the 

Lt.L.L.  as  to  E.F., 13       „ 

The  highest  point  of  the  splenic  loop  of    transverse 

colon  as  to  E.F., 2-9  above. 

The  highest  point  of  the  splenic   loop  of    transverse 

colon  as  to  Mid.  line, 10 

The  outer  border  of  colon  at  the  left  in  E.F.  (when 

at  that  level)  as  to  Mid.  line,  ....     10*6 

The   outer   border  of   colon  in  CD.  (sigmoid)  as   to 

Mid.  line, 9-5 

1  The  lowest  point  of  the  sigmoid  flexure  as  to  A.S.S.,        2-4  below. 

„  C.D.,  7-4     „ 

Mid.  line,  5-6 
Commencement  of  rectum  as  to  CD.,  .         .         .       5"7     ,, 

The  Large  Intestine.     (See  Plates  XXXII.,  XXXIII., 

and  XXXIV.) 

The  Vermiform  Appendix. — The  average  position  of  the  root 
•of  the  appendix  was  in  the  right  lateral  line  at  a  distance 
of  3  cm.  below  CD.  (or  2  cm.  above  the  level  of  the  anterior 
superior  iliac  spines).  It  is  one  inch  directly  below  the  point 
where  a  line  drawn  from  the  anterior  superior  iliac  spine  to  the 
•umbilicus  crosses  the  right  lateral  line. 

Alterations  in  level. — There  were  four  cases  in  which  the 
root  of  the  appendix  was  displaced  upwards  above  the  plane  of 
CD.  In  cases  12  and  23  it  was  carried  up  by  a  distended 
caecum,  which  would  have  been  obvious  on  palpation.  In  the 
other  cases,  Nos.  17  and  18,  there  was  a  high  cascum,  associated 
in  case  18  with  an  ascending  meso-colon,  and  having  in  case 
17  very  loose  peritoneal  attachments.  In  two  of  these  cases 
and  in  five  others  (Nos.  8,  19,  27,  33,  and  38)  the  tail  of 
the  appendix  passed  up  above  the  level  of  CD.     In  cases  19, 

^  This  measurement  refers  to  the  sigmoid  flexure  as  it  passes  over  the  brim  of 
the  pelvis. 
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33,  and  27  the  appendix  was  directed  upwards  into  a  retro- 
colic  pouch;  in  the  other  cases  it  passed  upwards  outside  an 
ascending  meso-colon.  In  case  38  the  appendix  was  unusually 
large,  and  reached  outside  the  ascending  colon  to  the  under 
surface  of  the  liver. 

In  seven  cases  the  root  of  the  appendix  was  more  than  5  cm. 
below  CD.,  and  was  associated  in  all  cases  with  a  distended 
caecum.  In  four  of  these  cases  (Nos.  7,  20,  22,  and  30)  the 
Ccecum  was  prolapsed  into  the  pelvic  cavity. 

In  four  cases  the  root  of  the  appendix  was  less  than  4  cm. 
from  the  middle  line,  being  associated  in  cases  7,  22,  and  30 
with  the  prolapsed  cseca. 

In  six  cases  it  was  more  than  8  cm.  from  the  middle  line. 
The  chief  feature  in  these  cases  was  distension  of  the  caecum. 

The  alterations  in  the  position  of  the  appendix  as  a  whole, 
whether  very  high  up  or  very  low  down,  seem,  therefore, 
specially  associated  with  a  distended  condition  of  the  caicum, 
and  the  appendix  is  most  likely  to  be  found  directed  upwards 
when  the  peritoneal  attachments  of  the  caecum  are  loose. 

The  position  of  the  appendix  in  7'elation  to  the  ccecum  is 
chiefly  regulated  by  the  degree  of  absorption  of  its  mesentery 
by  the  caecum  or  colon,  and  by  the  state  of  distension  of  the 
caecum ;  and  this  latter  may  move  the  appendix  up  or  down. 
The  tenseness  of  the  peritoneum  in  the  iliac  fossa  no  doubt 
chiefly  determines  the  degree  of  possible  prolapse  of  the 
cfecum. 

By  some  writers  manifold  classifications  of  the  position  of 
the  appendix  are  adopted.  If  we  are,  however,  guided  by  the 
state  of  its  mesentery,  the  following  divisions  are  natural 
enough. 

The  appendix  generally  hangs  either  partly  or  wholly  over 
the  margin  of  the  psoas  into  the  pelvic  cavity.  The  direction 
of  its  free  end  is  evidently  a  matter  of  small  importance,  as  it 
will  vary  from  time  to  time.  Because  of  their  clinical 
importance,  those  cases  in  which  the  root  and  body  of  the 
appendix  lie  wholly  within  the  pelvic  cavity  should  be  given 
separately. 

There  are  also  the  cases  of  an  appendix  wholly  in  the  iliac 
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fossa,  where  it  may  either  be  free, — often  in  a  retro-colic 
pouch, — or  partly  or  wholly  behind  the  peritoneum,  these 
last  cases  being  clinically  very  important.  Finally,  there  are 
irregular  cases  made  up  chiefly  of  those  in  which  the  appendix 
is  situated  outside  an  ascending  colon. 
In  this  series  there  were — 

1.  Wholly  in  the  pelvic  cavity,  6  cases,  or  15  per  cent. 

2.  Free,  hanging  more  or  less  over  the  pelvic  brim,  16  cases, 

or  40  per  cent. 

3.  Wholly  in  the  iliac  fossa,  14  cases,  or  35  per  cent. 

Of  these, 

a.  7  were  quite  free,  being  17*5  per  cent,  of  the  whole 

series. 
h.  4  were  partly  free,  and  recurved  into  a  retro-colic 

pouch,  being  10  per  cent,  of  the  whole   series. 
c.  3  were  behind  the  peritoneum  (Nos.  14,  15,  34),  or 

7 '5  per  cent,  of  the  whole  series. 

4.  Irregular  cases,  4,  or  10  per  cent. 

In  three  of  the  irregular  cases  the  appendix  was  situated 
outside  an  ascending  meso-colon,  and  in  one  case  (No.  39),  it 
was  bound  to  the  back  of  the  caecum. 

The  last  case  exemplified  well  the  condition  of  an  appendix 
adherent  to  the  c«cum,  without  an  apparent  mesentery  (see 
fig.  11,  PI.  XXII.,  Pt.  III.).  One  of  the  three  cases  in  group  3  c 
was  the  seat  of  a  small  appendicular  abscess  (No.  34). 

It  is  not  necessary,  after  what  has  been  said  in  Part  III.,  to 
discuss  further  the  various  positions  of  the  appendix. 

The  Ocecum. — The  lowest  point  of  the  caecum  was  situated,  as 
a  rule,  61  cm.  from  the  middle  line,  and  1*23  cm.  below  the 
level  of  the  anterior  superior  iliac  spine  ;  in  other  words,  in  the 
left  lateral  line,  about  h  an  inch  below  the  level  of  the  anterior 
superior  ihac  spine.  In  20  cases,  or  50  per  cent.,  the  variation 
was  from  the  level  of  the  spine  to  not  more  than  3  cm.  below. 
The  innermost  point  reached  3*4  cm.  from  the  middle  line,  at  a 
height  of  21  cm.  above  the  anterior  superior  iliac  spine.  The 
inner  border  of  the  large  intestine  at  the  right,  in  the  plane  of 
CD.,  was  5*5  cm,  from  the  middle  line,  and  the  outer  border 
11-3  cm. 
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Lolu  positions  of  the  Caecum. — There  were  7  cases  in  which  the 
c'secum  was  prolapsed  within  the  pelvis,  and  3  other  cases  in 
which  it  was  partly  so ;  making  25  percent,  of  the  cases  in  which 
the  caecum  was  more  or  less  completely  in  the  pelvic  cavity. 

In  case  6  there  was  a  caecum  8  cm.  long,  the  lowest  6  cm.  of 
which  hung  into  the  pelvic  cavity.  Cases  7, 8,  20, 22,  26,  30,  and 
36  presented  instances  of  complete,  and  cases  6,  35,  and  38,  of 
partial,  prolapse.  These  cases  include  amongst  them  all  those  in 
which  the  lowest  point  of  the  caecum  was  more  than  3  cm.  below 
the  level  of  the  anterior  superior  iliac  spine.  In  conjunction 
with  these  cases  should  be  mentioned  those  of  low  level  of  the 
lower  border  of  the  ileo-colic  junction,  which  had  an  average 
position  of  2-3  cm.  below  CD.  There  were  10  cases  in  which  it 
was  4  cm.  or  more  below  CD.  Five  of  them,  Nos.  7,  20,  22,  30, 
and  36,  were  cases  of  prolapse  of  the  caecum.  In  three  others 
(Nos.  11,  21,  and  40)  the  caecum  very  much  distended,  and  in 
the  remaining  two  cases,  Nos.  28  and  29,  it  was  distended. 

The  chief  characteristic  of  these  cases  of  prolapse  of  the  caecum 
seems  to  be  a  distended,  and  in  most  cases  a  generally  convoluted 
condition  of  the  large  intestine.  Given  distension  of  the  ca?cum, 
the  tension  of  its  various  peritoneal  attachments  would  seem  to 
determine,  in  the  main,  the  subsequent  position,  excepting  in 
such  a  case  as  No.  36,  in  which  the  pressure  of  the  liver  must 
have  prevented  the  distended  caecum  from  passing  upwards. 

High  positions. — There  were  6  cases  (Nos.  12,  17,  18,  23, 
31,  and  37)  in  which  the  caecum  was  displaced  more  or  less 
completely  above  the  level  of  CD.,  and  the  common  feature 
in  nearly  all  of  them  was  great  distension  of  the  ctecum. 
These  cases  include  those  in  which  the  ileo-colic  junction 
occupied  its  highest  position. 

It  will  be  seen,  on  reference  to  the  tables,  that  the  chief 
lateral  displacements  of  the  ileo-colic  junction  and  the  inner- 
most point  of  the  caecum  were  likewise  associated  with  bowel 
distension. 

The  averages  given  in  the  tables,  and  the  outline  in  fig.  3, 
Part  I.,  would  appear,  in  the  absence  of  obvious  distension,  to  be 
a  fair  representation  of  a  non-prolapsed  caecum. 

If  the  outlines  on  the  plates  be  studied,  it  will  be  seen  that,  in 
many  of  the  cases  of  distension  of  the  ciecum,  especially  when  it 
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was  not  prolapsed,  it  presented  a  twist-like  appearance,  as  if 
the  lower  part  had  passed  upwards  and  inwards  in  front  of  the 
ileo-colic  junction  (case  23).  The  condition  appeared  to  be 
produced  by  the  peritoneum  having  firmer  attachments  to  the 
front  of  the  colon,  just  above  the  ileo-colic  junction,  fixing  this 
part  of  the  bowel  more  or  less,  and  allowing  the  anterior  and 
lower  parts  to  move  upwards.  In  some  of  these  cases  the 
lowest  part  of  the  large  bowel  was  not  caecum. 

The  shapes  of  the  cseca  in  these  cases  do  not  conform  very 
well  to  any  system  of  varieties  of  type.  It  would  seem  that  the 
third  and  fourth  types  of  Treves  (15)  are  chiefiy,  and  about 
equally  represented,  and  the  second  type  in  5  cases. 

The  Ascending  Colon. — The  distance  of  the  outer  border  of  the 
ascending  colon,  from  the  middle  line  in  the  plane  of  CD.,  did 
not  present  much  variation.  It  had  an  average  of  ll'S  cm.,  and 
34  cases,  or  85  per  cent.,  varied  between  10  and  12*5  cm. 

The  spot  along  the  outer  border  of  the  ascending  colon,  where 
it  definitely  bends  forward  as  the  hepatic  fiexure,  averaged  9  cm. 
from  the  middle  line  ;  35  cases  being  between  8  and  10 '5  cm. 
The  variations  in  level  of  this  point  will  be  considered  with  the 
transverse  colon.     Two  points  deserve  notice. 

In  many  cases  the  ascending  colon,  about  the  level  of  the  iliac 
crest,  had  a  well-defined  kink  in  it,  brought  about  by  its  being 
in  these  cases  very  strongly  bound  down  to  the  back  abdominal 
wall  by  its  peritoneal  attachments.  In  some  cases,  as  in  No.  40, 
these  were  sufficiently  strong  to  effectually  bar  the  distension  of 
this  part  of  the  bowel,  although  the  neighbouring  parts  were 
very  much  distended.  (See  also  cases  13,  IG,  15,  17,  39,  10,  11, 
and  12). 

At  the  beginning  of  this  work,  on  account  of  the  well-marked 
facet  produced  on  the  lower  part  of  the  right  kidney  by  the 
colon  in  hardened  specimens,  the  colon  was  looked  upon  as  con- 
tributing in  a  considerable  degree  to  the  support  for  the  kidney. 
But  it  is  clear,  although  the  ascending  colon  often  presses  well 
on  the  lower  part  of  the  right  kidney,  that  the  kidney  is  often 
as  high  or  higher  than  usual  when  it  is  quite  devoid  of  support 
from  the  colon  below.  Cases  24,  36,  15,  and  7  very  clearly 
show  this  point. 

The  Transverse  Colon. — The  point  already  spoken  of  as  that 
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where  the  ascending  colon  passes  into  the  hepatic  flexure  is 
described  in  the  tables  as  the  highest  point  of  the  hepatic  flexure 
of  the  colon.  As  a  matter  of  fact,  the  bowel  mostly  bulges  a 
little  higher  on  an  anterior  plane  before  forming  a  downward 
loop,  but  as  this  point  is  the  most  stable  part  of  the  flexure,  it  is 
the  most  serviceable  for  purposes  of  measurement. 

Shape.— There  appear  to  be  two  chief  varieties  in  the  shape 
of  the  transverse  colon,  determined  by  the  presence  or  absence 
of  a  loop  downwards  from  the  hepatic  flexure. 

1.  The  loop  would  appear  to  represent  a  permanence  or 
exaggeration  of  the  primitive  bend  of  the  colon  at  this  place. 

The  commonest  variety  of  transverse  colon  is  that  which 
presents  a  downward  hepatic  loop,  of  which  cases  19,  20,  21,  25, 
and  26  may  be  taken  as  examples.  In  these  cases  the  trans- 
verse colon  at  its  commencement  bends  more  or  less  directly 
downwards  for  a  variable  distance  in  front  of  and  to  the  inner 
side  of  the  ascending  colon,  and  then  passes  upwards  again 
nearer  to  the  middle  line  to  about  the  level  of  its  hepatic 
flexure,  and  thereby  completes  a  loop  downwards.  It  then 
passes  more  or  less  obhquely  upwards  across  the  abdomen  to 
the  left  side  along  the  lower  border  of  the  greater  curvature  of 
the  stomach. 

At  the  left  side,  under  cover  of  the  ribs,  it  usually  forms 
a  loop  for  a  variable  distance  upwards  on  an  antero-posterior 
plane,  the  posterior  or  distal  limb  of  the  loop  passing  down- 
wards until  it  reaches  the  basal  surface  of  the  spleen,  across 
which  it  is  directed  backwards  to  the  posterior  abdominal  wall, 
where  it  turns  abruptly  downwards  as  the  descending  colon. 

The  hepatic  loop  downwards  of  the  transverse  colon  is  often 
very  firmly  fixed  and  difficult  to  undo,  and  the  peritoneum 
attached  to  the  lower  part  of  the  downgoing  limb  of  the  loop 
is  frequently  shortened,  and  there  are  commonly  adhesions 
between  this  downgoing  limb  and  the  adjacent  ascending  colon. 
Perhaps  the  tendency  to  form  adhesions  at  this  place  is  favoured 
by  the  bowel  contents  having  better  opportunity  in  this  some- 
what stable  and  more  or  less  abrupt  bend  to  set  up  a  certain 
amount  of  irritation.  This  hepatic  loop  downwards  of  the 
transverse  colon  was  present  in  22  cases  or  55  per  cent. 

2.  In  several  cases,  as  in  case  11,  there  was  no  loop  down- 
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wards  on  that  transverse  colon  at  the  under  surface  of  t'ne  iiver, 
but  it  passed  directly  across  the  abdomen,  or  bulged  forwards  for 
a  variable  distance  covering  up  the  termination  of  the  ascend- 
ing colon  and  then  passed  directly  across  the  abdomen  to  the 
left  (see  case  12). 

This  straight  variety  was  fairly  well  represented  in  9  cases, 
or  22-5  per  cent,  of  which  cases  11, 12,  13, 14,  and  40  are  the  best 
examples. 

Splenic  Flexure. — The  loop  upwards  of  the  transverse  colon 
in  front  of  the  spleen  was  directed,  as  a  rule,  from  before  back- 
wards more  or  less  directly,  and,  as  a  rule,  the  anterior  limb 
of  the  loop  was  the  more  internal.  Cases  8,  10,  12,  15,  19,  23, 
30,  31,  37,  and  39  present  good  examples  of  this  condition.  In 
some  cases  the  direction  of  the  splenic  loop  upwards  was  trans- 
versely on  a  coronal  plane,  of  which  case  6  is  a  good  example, 
and  cases  1,  9,  22,  35,  and  40  illustrate  it  in  varying  degrees. 
In  case  3  the  loop  was  directed  forwards  on  a  horizontal 
plane. 

Generally  speaking,  24  cases,  or  60  per  cent.,  presented  a  well- 
defined  splenic  loop  having  a  sagittal  direction,  and  7  cases,  or 
17-5  per  cent.,  possessed  a  loop  with  a  coronal  direction. 

At  some  part,  usually  at  the  termination  of  the  splenic  flexure, 
the  colon  often  presented  a  diminution  in  its  lumen  with  marked 
sacculation,  of  which  cases  6, 13, 14,  17,  20,  and  35  are  examples. 
The  colon  is  firmly  fixed  at  the  posterior  part  of  the  basal 
surface  of  the  spleen,  and  is  sometimes  capable  of  resisting  con- 
siderable distension  of  the  bowel,  as  in  cases  6  and  35. 

The  highest  point  of  the  hepatic  flexure  averaged  2*5  cm. 
below  the  level  of  E.F.  The  hepatic  loop  passed  downwards,  in 
the  average  of  those  cases  in  which  it  was  present,  to  9"8  cm. 
below  E.F.,  and  the  mid-point  of  the  extremity  of  the  loop  was 
situated  6*5  cm.  from  the  middle  line — in  other  words,  the 
extremity  of  the  loop  was  situated  about  the  level  of  the  iliac 
crest  in  the  right  lateral  line. 

From  the  hepatic  loop  the  colon  passed  upwards  and  to  the  left 
and  crossed  the  middle  line  with  its  upper  border  3'2  cm.  below 
E.F.,  and  its  lower  border  7'2  cm.  below,  or  about  3  cm.  above 
the  umbilicus.  In  the  left  lateral  line  the  upper  border  of  the 
transverse  colon  averaged  1-3  cm.  below  E.F.     The  highest  point 
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of  the  splenic  loop  upwards  was  2-9  cm.  above  E.F.  at  a  distance 
of  10  cm.  from  the  middle  line.  The  lowest  point  of  the  spleen 
averaged  25  cm.  below  E.F.,  and  this  in  a  general  way  may  be 
said  to  mark  the  level  of  the  commencement  of  the  descendino- 
colon,  so  that  the  splenic  loop  upwards  of  the  transverse  colon 
passed  5-4  cm.  higher  than  the  lowest  point  of  the  spleen.  If, 
however,  the  cases  in  which  the  splenic  flexure  of  the  colon  was 
prolapsed  be  excluded,  the  average  position  of  the  highest  point 
of  the  splenic  loop  would  be  rather  more  than  1  cm.  higher. 

Variations. — There  were  24  cases,  or  60  per  cent.,  in  which  the 
highest  point  of  the  hepatic  flexure  of  the  colon  ranged  from 
the  level  of  E.F.  to  4  cm.  below.  There  were  4  cases  in  which 
it  was  2  cm.  more  above  E.F.,  viz.,  cases  5,  25,  31,  37. 

There  were  9  cases  in  which  it  was  more  than  4  cm.  below 
E.F.,  up  to  8-5  cm.  below  in  case  24.  (These  cases  were  chiefly 
associated  with  prolapse  of  the  transverse  colon,  and  will  be 
considered  with  directly.) 

There  were  10  cases  in  which  the  upper  border  of  the  trans- 
verse colon  in  the  middle  line  was  situated  above  the  level  of 
E.F.,  four  of  them  being  not  more  than  2*5  cm.  away.  The  other 
cases  (No8.  1,  8,  25,  31,  35,  and  40)  varied  considerably  up  to  9 
cm.  above  E.F.  Those  cases  in  which  the  transverse  colon 
found  room  for  itself  in  the  upper  part  of  the  abdominal  cavity 
in  front  of  the  stomach  have  already  been  considered — Part  11. 
They  were  cases  1,  6,  8,  12,  25,  31,  35,  37,  and  40. 

Prolapse  of  the  Transverse  Colon. — There  were  14  cases  in 
which  the  upper  border  of  the  transverse  colon  was  more  than 
5  cm.  below  E.F.  in  the  middle  line,  seven  of  them  ranging  from 
10  to  15-25  cm.  below;  viz.,  cases  2,  7,  15,  30,  32,  36,  and  38. 

The  upper  border  of  the  transverse  colon  in  the  middle  line 
ranged  from  9  cm.  at  one  E.F.  to  15*25  cm.  below,  so  that  it  must 
be  considered  a  very  variable  point,  and  the  average  cannot 
be  taken  for  much.  There  were,  however,  20  cases,  or  50  p.c, 
in  which  the  line  E.F.  would  have  hit  off  sufficiently  same  part 
of  the  lumen  of  the  transverse  colon  in  the  middle  line. 

There  were  6  cases  in  which  the  transverse  colon  passed 
across  the  abdomen  wholly  below  the  umbilicus ;  viz.,  cases  2,  7, 
15,  30,  32,  and  36.  In  5  others  the  umbilicus  was  situated 
nearer  the  upper  than  the  lower  border  of  the  bowel.     So  that 
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in  more  than  a  quarter  of  the  cases  the  transverse  colon  passed 
below,  or  in  greater  part  below,  the  umbilicus  in  the  middle 
line. 

In  considering  the  question  of  prolapse  of  the  transverse  colon, 
it  is  necessary  to  observe  what  the  accompanying  position  of 
the  transverse  meso-colon  is.  Five  of  the  cases  of  a  low  position 
of  the  transverse  colon  had  the  attachment  of  the  transverse 
meso-colon  as  high  or  even  higher  than  usual.  In  them, 
therefore,  the  low  position  of  the  bowel  was  associated  with  an 
elongated,  not  a  prolapsed  mesentery. 

The  average  level  of  the  attachment  of  the  transverse  meso- 
colon in  the  middle  line  was  3  cm.  below  E.F.,  and  at  its 
commencement  on  the  right  side,  6-45  cm.  below  E.F.  Some- 
times its  attachment  at  the  right  may  be  low  down,  while  that 
in  the  middle  line  is  as  high  as  usual,  but  the  low  attachment  at 
the  right  may  be  sufficient  to  allow  of  prolapse  of  a  great  part  of 
the  transverse  colon. 

We  may,  however,  with  sufficient  accuracy  define  prolapse  of 
the  transverse  colon  or  of  its  mesentery,  as  when  the  upper 
border  of  the  bowel  or  the  attachment  of  its  mesentery  in  the 
middle  line  is  more  than  5  cm.  below  E.F.  There  were  thus  14 
cases  of  prolapse  of  the  transverse  colon  more  or  less  considerable, 
and  8  cases  of  prolapse  of  the  transverse  meso-colon  more  or  less 
considerable.  Seven  cases  (Nos.  2, 15,  22, 24,  27, 36,  and  39)  were 
common  to  the  two  groups.  In  case  7  also  the  meso-colon  at  its 
commencement  was  as  low  as  the  level  of  the  iliac  crest,  and  was 
of  considerable  length.  In  case  24  the  meso-colon  did  not  start 
until  within  3  cm.  of  the  middle  line,  and  was  situated  below 
the  level  of  the  iliac  crest.  In  case  30  there  was  a  very  long 
meso-colon  attached  5  cm.  below  E.F.  in  the  middle  line,  and  a 
little  lower  than  usual  at  the  right,  and  in  this  case  the  trans- 
verse colon  ran  across  below  the  level  of  CD. 

If  the  diagrams  of  the  cases  presenting  both  prolapse  of  the 
transverse  colon  and  of  its  mesentery  be  compared  with  the 
similar  outlines  of  the  liver  (Plate  LII.,  Part  II.)  and  stomach 
(Plates  XLIII.  and  XLIV.,  Part  I.),  it  will  be  seen  that  a  low 
position  of  the  liver  was  especially  remarkable,  and  in  many 
cases  also  the  stomach  was  low  down  in  the  middle  line.  More 
than  this  can  hardly  be  said. 
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The  Descending  Colon. — There  is  not  much  to  be  added  to  the 
current  descriptions  of  the  descending  colon.  The  upper  portion 
of  the  descending  colon,  together  with  the  lowest  part  of  the 
splenic  flexure,  is,  as  a  rule,  the  least  distended  part  of  the  large 
intestine,  and  presents  many  sacculations  and  is  firmly  fixed. 

The  descending  colon,  passing  downwards  along  the  outer 
border  of  the  lower  segment  of  the  left  kidney,  presents  in  many 
cases  a  well-marked  bend  inwards  immediately  below  the  lower 
pole  of  the  kidney.  This  bend  is  seen  in  varying  degrees  in 
cases  7,  8,  26,  14,  6,  15,  16,  18,  19,  27,  33,  and  34.  The  dis- 
placement of  the  bend  downwards  in  the  case  of  a  low  position 
of  the  left  kidney  is  well  shown  in  case  14. 

The  descending  colon  in  three  cases  (Nos.  9,  13,  and  18) 
passed  downwards  into  a  pocket  beneath  the  outer  border  of  the 
psoas  muscle,  and  was  firmly  fixed  there  by  the  peritoneum,  and 
required  to  take  a  sharp  curve  upwards  and  outwards  around  the 
outer  border  of  the  muscle  before  passing  downwards  as  the 
sigmoid  flexure. 

Surface  Marking. — The  descending  colon  commences,  as  a  rule, 
2-5  cm.  below  KF.,  with  its  outer  border  10-6  cm.  from  the 
middle  hue.  It  continues  downwards  at  this  distance  from  the 
middle  line  to  about  half-way  between  E.F.  and  CD.  (to  6-2  cm. 
below  E.F.),  where,  opposite  the  lower  pole  of  the  left  kidney,  it 
presents  the  bend  inwards  of  nearly  2  cm.,  and  the  inner  border 
of  the  bowel  almost  reaches  the  lateral  line.  At  the  level  of  the 
iliac  crest  it  again  bends  outwards  until  its  outer  border  in  the 
plane  of  CD.  is  9*5  cm.  from  the  middle  line,  and  at  I'l  cm. 
below  CD.  it  begins  to  be  attached  over  the  psoas  muscle  and 
passes  into  the  sigmoid  flexure. 

Sigmoid  Flexure. — The  sigmoid  flexure  usually  continues  down- 
wards more  or  less  firmly  bound  to  the  psoas,  in  a  curve  with  its 
convexity  outwards,  passing  about  3  cm.  interval  to  the  anterior 
superior  iliac  spine,  until  it  reaches  the  brim  of  the  pelvis  about 
the  level  of  the  anterior  superior  iliac  spine,  where  it  becomes 
possessed  of  a  well-marked  mesentery  of  variable  length,  and 
acquires  a  considerable  degree  of  mobility.  The  lower  border 
of  the  sigmoid  flexure  as  it  passes  over  the  pelvic  brim  is  situ- 
ated in  the  average  2"4  cm.  below  the  anterior  superior  iliac 
spine  5-6  cm.  from  the  middle  line  ;  but  for  practical  purposes  a 
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point  in  the  left  lateral  line  at  the  level  of  the  anterior  superior 
iliac  spine  may  he  taken  to  correspond  to  some  part  of  the  lumen 
of  the  sigmoid  flexure  at  the  place  where  it  becomes  freely  movable. 

Treves'  (15)  description  of  an  omega-shaped  loop  of  the 
sigmoid  flexure  within  the  pelvis  represented  the  majority  of 
the  cases.  There  were,  however,  8  cases,  or  20  per  cent.,  in 
which  a  large  loop  of  the  sigmoid  flexure  extended  out  of  the 
pelvis  into  the  umbilical  or  the  right  or  left  iliac  regions,  viz., 
cases  9,  11,  14,  23,  25,  31,  40.  In  these  cases  the  loop  was 
usually  simple  and  very  distended. 

A  study  of  the  rectum,  except  the  point  of  its  commencement, 
has  not  entered  into  this  work. 

Summary. 

To  summarise  in  general  terms  the  position  in  regard  to  the 
surface  of  the  chief  points  of  the  large  intestines : — ■ 

The  lower  border  of  the  ileo-colic  junction  is  situated  in  the  right 
lateral  line,  half-way  between  the  planes  of  the  anterior  superior 
iliac  spines  and  CD. 

The  root  of  the  appendix  is  immediately  below  this,  or  in  the 
right  lateral  line,  one  inch  below  a  line  drawn  from  the  anterior 
superior  iliac  spine  to  the  umbilicus. 

The  innermost  point  of  the  cmcunh  is  about  the  level  of  the 
anterior  superior  iliac  spine,  midway  between  the  middle  line 
and  the  right  lateral  line. 

The  lowest  p)oint  of  the  ccecnm  is  in  the  right  lateral  line  about 
f  of  an  inch  below  the  anterior  superior  iliac  spine. 

The  outer  border  of  the  ascending  colon  is  a  little  internal  to  a 
line  drawn  vertically  upwards  from  the  right  anterior  superior 
iliac  spine. 

The  heixdic  flexure  of  the  colon  rises  to  a  little  below  E.F.,  a 
little  internal  to  the  line  just  described. 

The  lowest  point  of  the  hepatic  loop  downwards  of  the  transverse 
colon  is  at  the  level  of  the  highest  part  of  the  iliac  crest  in  the 
rio;ht  lateral  line. 

The  upper  border  of  the  transverse  colon  in  the  middle  line 
is  about  1  inch  below  E.F.,  or  nearly  three  inches  above  the 
umbilicus,  but  it  is  subject  to  considerable  variation. 
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The  upper  lorder  of  the  transverse  colon  in  the  left  lateral  line 
is  at  the  level  of  E.F. 

The  upper  border  of  the  S2)lenic  flexure  of  the  colon  is  a  little 
internal  to  a  line  drawn  vertically  upwards  from  the  left  anterior 
superior  iliac  spine  about  an  inch  and  a  half  above  E.F. 

The  descending  colon  commences  an  inch  below  E.F.,  a  little 
further  outwards  than  the  preceding.  Half-way  between  E.F. 
and  CD.,  at  the  lower  pole  of  the  left  kidney,  its  inner  border 
nearly  reaches  the  left  lateral  line.  In  the  plane  of  CD.  its 
outer  border  is  situated  nearly  as  far  outwards  as  its  commence- 
ment, and  little  below  CD. — half  an  inch — it  becomes  the 
sigmoid  flexure. 

The  sigmoid  flexure  becomes  possessed  of  a  free  mesenteric 
attachment  in  the  left  lateral  line  in  the  plane  of  the  anterior 
superior  iliac  spine. 

The  rect'um  commences  a  little  to  the  left  of  the  middle  line, 
at  the  level  of  the  anterior  superior  iliac  spine. 
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Table  VIII. 
The  liver. 

1  The  left  extremity  from  the  middle  line, 

The  left  extremity  as  to  E.F.,  .... 
The  upper  border  in  the  middle  line  as  to  E.F.,  . 
The  lower         „  „  ,, 

The  upper  border  in  the  R.L.L.  line  as  to  E.F.,  . 
The  lower         „  ,,  »  • 

^  The  lowest  point  as  to  E.F., 

,,  ,,         from  the  middle  line, 

The  right  border  in  E.F.  from  the  middle  line, 

Tlie  left  kidney. 

The  upper  pole  as  to  E.F.,  . 

,,  ,,       from  the  middle  line,   . 

The  innermost  point  of  the  upper  segment  from  the 

middle  line,     ....... 

2  The  outer  point  from  the  middle  line,  . 

,,  ,,        as  to  E.F.,  ..... 

The  lower  pole,  ,, 

,,  ,,       from  the  middle  line,    . 

The  right  kidney. 

The  upper  pole  as  to  E.F.,   ..... 

,,  „       from  the  middle  line,    . 

The  innermost  point  of  the  upper  segment  from  the 

middle  line,      ....... 

The  outer  point  from  the  middle  line,  . 

,,  ,,        as  to  E.F.,  ..... 

The  lower  pole  „  ..... 

J,  ,,        from  the  middle  line,  . 

The  left  supra-renal. 

The  highest  point  as  to  E.F.,        . 

The  lowest  „  ,, 

The  innermost  point  from  the  middle  line,    . 

The  right  supra-renal. 

The  highest  point  as  to  E.F,,  .... 
The  lowest  ,,  ,,  .... 

The  innermost  point  as  to  middle  line. 


7-1  cm. 

7  "4  cm.  above. 

9 

•2 
10"4  above. 

2  "4  below. 

7-4      „ 

11-5 

11-4 

4-5  above. 

6-1 

3-8 

9-6 

•6  below. 

6-2      „ 
6-2 

3-4  above. 

5-6 

3-9 

9-8 

2  below. 

7       „ 
6-6 

5-5  above. 

•5      „ 
2-4 

5 '3  cm.  above 

•2 

2-5 


'  The  left  extre^nity  of  the  liver  is  taken  as  that  spot  nearest  to  the  plane  of 
E.F.  at  which  the  liver  reaches  its  extreme  left. 

The  lowest  point  is  that  on  the  lowest  part  of  the  liver  which  is  farthest  from 
the  middle  line. 

-  The  outer  point  is  the  spot  on  the  outer  border  of  the  kidney  nearest  to  the 
plane  of  E.F.  at  which  the  kidney  reaches  its  extreme  right  or  left,  as  the  case 
may  be. 
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-    The  Liver  (fig.  3,  Part  I.,  and  Plate  LIL,  Part  II.). 

So  much  has  been  said  concerning  the  liver  and  the  other 
solid  viscera  in  the  upper  part  of  the  abdomen  in  various 
parts  of  the  paper,  that  little  remains  except  to  indicate  their 
general  position  and  to  summarise  their  chief  changes  of 
position. 

In  considering  the  changes  in  position  of  these  viscera  it  is 
better  to  take  the  upper  border  as  an  index  of  displacement,  for, 
as  is  especially  seen  in  the  case  of  the  liver,  enlargement  of  the 
organ  generally  affects  the  position  of  the  lower  border  more 
than  the  upper. 

In  these  cases  there  was  an  unusually  large  number  of 
instances  in  which  the  liver  was  either  displaced  downwards 
from  intrathoracic  causes,  or  in  which  its  lower  border  occupied 
a  low  position  from  enlargement  of  the  organ;  so  that  the 
average  obtained  of  the  position  of  the  lower  border  of  the  liver, 
and  depicted  in  fig.  3,  Part  I.,  is  in  all  probability  nearly  1  cm. 
lower  than  it  is  in  the  average  healthy  body. 

Also  it  must  be  remembered  that  the  liver,  of  all  the  solid 
viscera  in  the  abdomen,  even  including  the  spleen,  is  the  most 
subject  to  changes  in  position  in  respiration  and  in  the  different 
positions  of  the  body.  The  anterior  parts  of  the  liver  especially 
are  subject  to  a  considerable  range  of  movement  from  above 
downwards  and  from  right  to  left. 

There  is  this  great  advantage  in  connection  with  the  liver- — 
which,  as  we  have  seen,  is  so  important  an  agent  in  determining 
the  position  of  other  abdominal  organs — that  it  can  in  most 
cases  be  percussed  out  in  the  living  subject. 

.Average  Position. — The  movable  left  extremity  is  situated  in 
the  average  about  equal  distances — nearly  3  inches — both  above 
E.F.  and  from  the  middle  line  in  the  region  of  the  sixth  left 
costo-chondral  junction ;  being  precisely  7'1  cm.  from  the 
middle  line  and  7'4  cm.  above  E.F. 

The  upjjer  border  in  the  middle  line  is  situated  nearly  1  cm. 
below  the  infra-sternal  notch,  or  9  cm.  above  E.F.  In  the  right 
lateral  line  it  is  situated  rather  less  than  1  cm.  above  the  infra- 
sternal  notch  (-6  above),  being  10-4  cm.  above  E.F. 

The  upper  border  of  the  liver  is  in  the  right  lateral  line  at 
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the  lower  part  of  the  5th  intercostal  space,  and  in  the  left  lateral 
line  at  the  same  level  is  the  summit  of  the  stomach. 

The  right  border  of  the  liver  practically  attains  its  extreme 
distance  (11-4  cm.)  from  the  middle  line  in  the  plane  of  E.F., 
being  at  little  interval  to  a  line  drawn  vertically  upwards  from 
the  right  anterior  superior  iliac  spine.  From  the  plane  of  E.F. 
this  border  continues  downwards  for  3  inches  to  about  the  level 
of  the  umbilicus,  being  situated  far  back  in  the  abdomen.  Its 
precise  position  is  7'4  cm.  below  E.F.,  and  it  projects  about  2 
cm.  below  the  right  costal  margin. 

The  lovjer  border  in  the  middle  line  passes  just  above  the 
plane  of  E.F.  (-2  cm.).  In  the  right  lateral  line  about  an  inch 
below  E.F.,  it  usually  presents  a  notch  from  which  the  gall- 
bladder projects.  The  lower  border  of  the  liver  in  this  line  is 
2-4  cm.  below  E.F. ;  the  tip  of  the  gall-bladder  being  3-7  cm. 
below  E.F.  On  reference  to  fig.  3,  Part  I.,  it  will  be  seen  that 
the  intersection  of  the  right  lateral  line  and  E.F.  represents  the 
outer  border  of  the  duodenum  as  it  overlaps  the  right  kidney 
and  the  place  where  the  neck  of  the  gall-bladder  is  in  con- 
tact with  the  duodenum.  Continued  to  the  right  beyond  the 
right  lateral  line,  the  lower  border  of  the  liver  passes  nearly 
horizontally  until  near  the  costal  margin,  along  which  it  turns 
downwards  to  reach  its  lowest  point. 

Relations. — The  extent  to  which  the  liver  overlaps  the 
stomach  and  the  duodenum  and  its  relation  to  those  parts  have 
been  already  fully  set  forth. 

Fig.  3  shows  that,  in  the  average,  the  right  costal  margin, 
from  a  level  midway  between  E.F.  and  the  infra-sternal  notch 
to  a  point  4  cm.  outside  the  right  lateral  line,  practically 
represents  the  lower  boundary  of  the  hepatic  surfaces  of  the 
right  supra-renal  body  and  kidney. 

The  relative  levels  of  the  liver  and  the  right  kidney  will  be 
considered  under  the  right  kidney. 

It  was  particularly  noticed  in  a  large  number  of  cases  (the 
number  was  not  recorded)  that  the  spigelian  lobe  of  the  liver 
extended  from  outside,  beneath  the  inferior  vena  cava  for  a 
considerable  distance,  so  as,  in  some  cases,  to  make  an  almost 
complete  tunnel  in  the  liver  for  the  vessel.  The  average  dis- 
tance of  the  outer  l)order  of  the  inferior  vena  cava  from  the 
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middle  line  at  this  place  was  3"6  cm.     (See  Plate  LII.,  Part 
II.) 

Variations. — The  upper  border  of  the  liver  in  the  right  lateral 
line  had  an  average  position  of  10*4  above  E.F.  There  were 
21  cases,  or  52-5  per  cent.,  in  which  the  variation  was  from  9  to 
12  cm.  inclusive.  There  were  5  cases  less  than  8  cm.  above 
E.F.,  viz.,  cases  2,  7,  H,  15,  and  27.  There  were  7  cases  more 
than  12-5  cm.  above  E.F.,  viz.,  cases  4,  5,  40,  9,  10,  31,  and  23. 

If  we  compare  the  position  of  the  upper  border  of  the  liver 
in  these  cases  to  the  infra-sternal  notch,  it  will  be  seen  that 
cases  15,  7,  2,  and  27  were  the  lowest  in  regard  to  the  notch. 
Further,  if  we  compare  throughout  the  whole  series  of  cases  the 
level  of  the  upper  border  of  the  liver  in  the  right  lateral  line, 
both  with  regard  to  E.F.  and  the  infra-sternal  notch,  and  also 
consider  the  upper  border  in  the  middle  line  with  regard  to  the 
infra-sternal  notch  (although  this  level  is  much  less  important, 
as  the  part  of  the  liver  concerned  is  more  movable),  it  will  be 
found  that  the  cases  of  lowest  position  of  the  upper  border  of 
the  liver  were  Nos^  15,  7,  2,  27,  16,  30,  22,  32,  and  11.  In  cases 
15,  22,  and  27  the  liver  was  displaced  downwards,  from  intra- 
thoracic causes.  Finally,  if  we  consider  those  cases  in  which 
the  lower  border  of  the  liver  in  the  right  lateral  line  extended 
lowest  down,  we  find  that  they  are  cases  15,  7,  22,  36,  2,  16,  24, 
27,  and  39.  In  the  two  groups  of  cases  of  the  lowest  positions 
of  the  upper  and  lower  borders  of  the  liver,  we  find  that  out  of 
the  9  cases  given  in  each,  6  cases  are  common  to  the  two 
groups. 

In  a  similar  way,  the  livers  occupying  the  highest  positions 
are  found  to  be  in  cases  4,  5,  34,  9,  10,  23,  40,  37,  12,  31,  and  21. 
A  large  number  of  livers  has  been  given  in  each  .group  for  the 
sake  of  comparison  when  the  section  on  tlie  right  kidney  is 
reached.  Kespecting  the  observation  made  of  the  unreliability 
of  the  upper  border  of  the  liver  in  the  middle  line  being  any 
indication  of  the  general  position  of  the  upper  border  of  the 
liver  further  to  the  right  because  of  the  great  variableness  of 
the  part  of  the  liver  overlying  the  middle  line  both  in  size  and 
mobility,  reference  should  be  made  to  outlines  9  and  14. 

In  many  cases,  such  as  Nos.  40,  4,  15,  16,  19,  22,  24,  34,  and 
39,  the  liver  extended  far  over  to  the  left  across  the  stomach, 
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in  case  34  actually  insinuating  itself  between  the  diaphragm 
and  the  spleen.  In  6  cases,  or  15  per  cent.,  the  liver  extended 
as  little  as,  or  less  than,  4  cm.  to  the  left  of  the  middle  line.  In 
case  35  it  barely  crossed  the  middle  line. 

The  lateral  variation  of  the  right  border  of  the  liver  in  E.F. 
was  very  small,  33  cases,  or  82'5  per  cent.,  being  between  10 
and  12"5  cm.     The  average  was  11'4  cm. 

GaU-Bladdcr. — The  lateral  variations  of  the  gall-bladder  from 
the  right  lateral  line  were  not  considerable.  In  30  cases,  or  75 
per  cent.,  the  line  passed  through  some  part  of  the  fundus  of  the 
gall-bladder  or  within  1  cm.  of  its  margin.  In  8  of  the  cases, 
Nos.  9,  17,  20,  22,  25,  27,  33,  and  34,  the  lower  extremity  of 
the  gall-bladder  was  overlapped  by  liver  substance  to  a  varying 
extent. 

In  3  cases,  Nos.  15,  22,  and  24,  the  gall-bladder  extended  on 
to  or  within  1  cm.  of  the  middle  line.  In  all  three  instances 
the  liver  extended  very  low  down  towards  the  middle  line,  and 
would  have  been  easily  mapped  out  by  superficial  examination. 

The  Eight  Kidney. 

(Plates  XXIII.  and  XXIV.,  Part  III.,  and  fig.  3,  Part  I.)— 
Average  Position. — The  iqjiJer  pole  of  the  right  kidney  in  the 
average  is  situated  a  little  interval  to  the  right  lateral  line 
3-4  cm.  above  E.F.  ;  the  innermost  point  of  its  upper  segment 
is  3-9  cm.  from  the  middle  line,  1  cm.  above  E.F. ;  the  mid- 
point of  the  hilus  is  -5  cm.  interval  to  the  lateral  line  2  cm. 
below  E.F.;  and  the  innermost  point  of  its  lower  segment  is 
rather  more  than  half  a  centimetre  further  from  the  middle  line 
than  the  corresponding  point  of  the  upper  segment. 

The  loioer  pole  is  a  little  external  to  the  right  lateral  line  7 
cm.  below  E.F.,  that  is,  25  cm.  above  the  highest  point  of  the 
iliac  crest,  or  3-3  cm.  above  the  umbilicus.  Passing  from  above 
downwards,  the  outer  border  reaches  its  extreme  right  of  9-8  cm. 
from  the  middle  line  at  2  cm.  below  E.F. 

Speaking  generally,  the  line  E.F.  passes  transversely  across 
the  kidney  at  the  junction  of  its  upper  third  with  its  lower  two- 
thirds,  and  the  lateral  line  passes  vertically  at  the  junction  of 
the  internal  third  with  the  outer  two-thirds.    From  the  point  of 
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intersection  of  E.F.  and  the  right  lateral  line,  in  their  average 
position  at  the  costal  arch,  the  right  kidney  extended  vertically 
upwards  for  3'4:  cm.  and  transversely  outwards  for  the  same 
distance, 

Varmtioiis. — In  considering  the  variations  in  level  of  the 
right  kidney,  the  upper  pole  may  be  compared  both  with  E.F. 
and  the  first  lumbar  intervertebral  disc. 

E.F. — The  upper  pole  varied  between  2  cm,  and  4*5  cm. 
inclusive  above  E.F.  in  21  cases,  or  52-5  per  cent.  In  8  cases  it 
was  lower  than  this,  the  lowest  being  case  20  in  which  it  was 
on  the  plane  of  E.F.  In  11  cases  it  was  more  than  4'5  cm. 
above  E.F..  the  highest  being  8  cm.  in  case  10. 

The  Disc. — The  average  position  of  the  upper  pole  of  the  right 
kidney  was  3*7  cm.  above  the  first  lumbar  intervertebral  disc. 
In  7  cases  it  was  1  cm.  above  the  disc  or  lower  than  this,  down 
to  1  cm.  below  in  case  20.  In  10  cases  it  was  5-5  cm.  above  the 
disc  up  to  9  cm.  above  in  case  10. 

The  extreme  variations  in  the  level  of  the  rig-ht  kidnev  in 
regard  to  E.F.  was  therefore  8  cm.  from  the  same  level  to  8  cm. 
above,  and  in  regard  to  the  first  lumbar  intervertebral  disc 
10  cm.  from  1  cm.  below  to  9  cm.  above. 

The  relative  levels  of  the  duodenum  and  the  right  kidnev 
have  been  considered  in  Part  III. 

The  Liver. — The  average  distance  vertically  upwards  between 
the  upper  pole  of  the  right  kidney  and  the  upper  border  of  the 
liver  in  the  right  lateral  line  was  7  cm. 

If  we  take  this  distance  in  the  cases  in  which  the  liver  was 
lowest  down  and  in  those  in  which  it  was  highest  up,  we  get — 


Liver  Lmo. 

Liver 

High. 

Case. 

Distance. 

Case. 

Distance. 

S"o.  15, 

2-5 

cm. 

No 

4, 

7 '25  cm. 

,,      7, 

3 

5, 

7-5      „ 

„      2, 

4 

34, 

5 -5      „ 

»    27, 

5 

9, 

11-5      „ 

.,    16, 

3 

10, 

5-5      „ 

„    30, 

6-5 

23, 

10 

„    22, 

7 

40, 

9 

„    32, 

7-5 

37, 

8-25    „ 

„    11, 

6-25 

12, 

8-5      „ 

Average 

4-97. 

31, 

9 

Average,  S'2. 
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The  difterence  between  these  two  averages  indicates  that 
when  the  liver  is  displaced  upwards  it  leaves  the  right  kidney 
to  some  extent.  On  the  other  hand,  the  figures  show  that  when 
the  liver  is  lower  than  usual  it  moves  down,  to  some  extent, 
on  the  surface  of  the  right  kidney.  But  from  this  latter  con- 
clusion it  does  not  follow  that  the  liver  in  its  descent  does  not 
push  the  right  kidney  down  in  some  measure.  From  its  firm 
position  and  attachments,  we  should  not  expect  that  in  any  one 
case  the  kidney  would  move  downwards  as  much  as  the  more 
movable  liver. 

If  the  outlines  on  Plate  LIL,  Part  II.,  be  consulted,  it  will  be 
seen  that,  in  the  foregoing  cases  of  low  livers,  the  duodenum 
was,  in  all  of  them  except  Nos.  27,  32,  and  11,  almost  wholly 
pushed  off  the  right  kidney.  On  the  other  hand,  the  cases 
of  high  position  of  the  liver  will  be  seen  to  be  those  pre- 
eminently in  which  the  duodenum  passed  on  to  the  kidney  at 
or  near  its  upper  end. 

That  the  liver  in  its  growth  or  displacements  downwards 
increases  the  hepatic  surface  of  the  right  kidney  and  pushes  the 
duodenum  off  the  kidney  seems  quite  clear. 

Consider,  further,  case  16.  The  upper  pole  of  the  kidney  in 
this  case  was  2*6  cm.  higher  than  the  average,  both  above  E.F. 
and  the  first  lumbar  intervertebral  disc,  and  nearly  the  whole 
of  its  anterior  aspect  was  in  contact  with  the  large  liver,  which, 
with  its  upper  border  considerably  lower  than  usual,  had  ex- 
tended far  down  into  the  abdominal  cavity.  It  cannot  be  con- 
sidered that  in  this  case  the  liver  had  displaced  the  kidney 
downwards  at  all. 

If,  however,  we  consider  side  by  side  those  cases  in  which  the 
right  kidney  was  lowest  down  as  regards  both  E.F.  and  the 
intervertebral  disc,  we  find  that  they  include  a  considerable 
number  of  cases  in  which  the  liver  also  was  low  down. 

We  should,  of  course,  expect  a  certain  correspondence  between 
the  levels  of  the  various  viscera  in  any  one  case,  in  the  absence 
of  exceptional  displacing  forces. 

In  the  case  of  those  instances  in  whicli  the  kidney  was 
highest  up,  we  find,  again,  a  considerable  number  of  those 
having  high  positions  of  the  liver. 

It  would  seem,  therefore,  that  whilst  the  general  levels  of  the 
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viscera  vary  in  particular  cases,  and  in  which  the  liver  and 
right  kidney  share,  the  liver  is  unable  to  materially  displace  the 
right  kidney  downwards. 

The  Colon. — The  hepatic  flexure  of  the  colon  must  be  con- 
sidered amongst  the  forces  which  may  assist  in  maintaining  the 
right  kidney  in  its  position,  for  in  most  cases  it  presses  con- 
siderably on  the  lower  segment  of  the  right  kidney. 

Except  in  the  cases  of  prolapse,  the  colon  passes  upwards  on 
the  anterior  aspect  of  the  lower  segment  of  the  kidney,  and  in 
these  there  is  not  much  to  be  learnt  from  the  figures  as  to  the 
amount  of  support  it  gave  to  the  kidney.  But  in  cases  7  and 
15  it  could  have  given  the  kidney  very  little  support,  and  in 
cases  24  and  36  none  at  all,  as,  especially  in  the  former,  it  had 
wholly  retreated  from  the  kidney ;  which,  as  it  happens  in  both 
cases,  was  higher  than  usual. 

Band. — In  case  24  the  connective  tissue  passing  from  the 
upper  pole  of  the  kidney  to  the  diaphragm  was  carefully 
dissected ;  it  contained  a  very  strong  fibrous  band  passing  on  to 
the  right  crus  as  it  passed  forward.  This  band  very  clearly 
gave  additional  strength  to  the  connective  tissue  helping  to  keep 
the  kidney  in  its  place.  A  similar  condition  was  remarked  in 
several  other  cases,  but  in  none  was  it  so  well  marked  as  in  case 
24,  in  which,  as  we  have  seen,  the  kidney  had  lost  its  colic 
support,  and  in  which,  moreover,  the  liver  had  descended  very 
low  down. 

This  case,  perhaps,  most  forcibly  of  all,  shows  that,  in  the 
absence  of  lax  connective  tissue,  the  kidney  is  very  much 
independent  of  the  pressure  of  the  liver  above,  or  of  the  support 
from  the  colon  below. 

Other  Points.— The  kidney  in  case  38,  and  less  so  in  case  11, 
was  spoken  of  as  movable,  but  the  cases  present  no  special 
feature. 

The  highest  point  of  the  right  supra-renal  body  averages 
5-3  cm.  above  E.F.,  about  half-way  between  the  middle  and 
lateral  lines.  The  lowest  point  is  "2  above  E.F.  The  innermost 
point  is  situated  2-5  cm.  from  the  middle  line,  and  is  overlapped 
by  the  inferior  vena  cava  for  14  cm. 
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The  Pancreas. 

The  alterations  in  level  of  the  pancreas,  the  relative  size  of 
its  surfaces,  the  position  or  absence  of  its  omental  tuberosity, 
and  the  shape  and  changes  in  position  of  its  head,  have  been 
dealt  with  under  the  stomach  and  the  duodenum. 

As  the  pancreas  passes  to  the  left  across  the  face  of  the  left 
kidney,  it  frequently  presents  a  slight  twist,  bringing  its 
inferior  surface  to  look  downwards  and  a  little  to  the  right. 

The  upper  border  in  the  middle  line  averages  2*4  cm.  above 
E.F.,  its  anterior  (or  lower)  border  being  1-5  cm.  below.  The 
vertical  depth  of  the  body  of  the  pancreas  in  the  middle  line 
was  therefore  3*9  cm.  The  head  extends  to  the  right  in 
the  bend  of  the  duodenum  to  within  -5  cm.  of  the  right 
lateral  line. 

In  the  left  lateral  line  its  anterior  border  is  -3  cm.  above  E.F., 
and  its  upper  border  3*4  cm. ;  the  gastric  surface  measuring 
3-1  cm.  vertically.  Maintaining  the  same  level  for  a  further 
3  cm.  outwards,  the  tail  terminates  behind  the  hilus  of  the 
spleen,  abutting  on  the  basal  surface,  at  a  distance  of  9-13  cm. 
from  the  middle  line. 

The  constancy  of  E.F.  with  relation  to  the  head  of  the 
pancreas  has  already  been  pointed  out. 

In  5  cases  the  anterior  border  in  the  left  lateral  line  was  on 
the  same  level  as  E.F. ;  in  23  other  cases  it  was  not  more  than 
2  cm.  away  from  that  line,  either  upwards  or  downwards  ;  so 
that  in  28,  or  70  per  cent.,  of  the  cases  it  was  not  more  than 
2  cm.  from  E.F.  one  way  or  the  other.  There  were  7  cases 
in  which  it  was  more  than  2  cm.  above  than  E.F.,  the  highest 
l)eing  4  cm.  in  cases  6  and  31. 

There  were  5  cases  more  than  2  cm.  below  E.F.  up  to  6  cm. 
below  in  case  2. 

The  Spleen. 

The  anterior  border  of  the  spleen  terminates  1-4  cm.  below  the 
plane  of  E.F.,  a  little  internal  to  a  line  drawn  upwards  from  the 
left  anterior  superior  iliac  spine.  The  lowest  point  of  the 
spleen,  usually  at  the  posterior  aspect  of  the  basal  surface,  is 
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situated  2-5  cm.  below  E.F.  The  anterior  border  of  the  spleen 
passes,  as  a  rule,  nearly  directly  upwards  at  11-5  cm.  from  the 
middle  line  for  nearly  5  cm.  above  E.F. ;  it  then  bends  inwards 
in  the  concavity  of  the  diaphgram  until  just  inside  the  lateral 
line,  where  it  attains  its  highest  point  at  87  cm.  above  E.F.,  and 
11  cm.  below  the  infra-sternal  notch.  From  this  point  the 
border  turns  inwards  and  downwards,  until  at  a  distance  of  3-6 
cm.  from  the  middle  line  the  spleen  attains  its  innermost 
point,  which  is,  as  a  rule,  where  the  spleen  overlaps  the 
summit  of  the  left  supra-renal  capsule,  at  a  height  of  5  cm. 
above  E.F. 

Variations. — The  highest  point  of  the  spleen  in  relation  to 
the  infra-sternal  notch  is  fairly  constant. 

In  30  cases,  or  75  per  cent.,  it  varied  from  1  cm.  above  the 
notch  up  to  2-5  cm.  below  it.  There  were  4  cases  more  than 
1  cm.,  up  to  2-5  cm.  (in  case  10),  higher  than  the  notch,  and 
there  were  6  cases  in  which  it  was  more  than  2-5  cm.  below 
the  notch,  the  lowest  being  5 '5  cm.  in  case  27. 

There  were  26  cases,  or  65  per  cent.,  in  which  the  lowest 
point  of  the  anterior  border  of  the  spleen  varied  from  2  cm. 
above  E.F.  to  3  cm.  below.  There  were  10  cases  more  than 
3  cm.  below  E.F.,  the  lowest  being  7"5  cm.  in  case  2.  There 
were  4  cases  in  which  this  point  was  more  than  2  cm.  higher 
than  E.F.,  the  extreme  being  4-5  cm.  in  case  37. 

The  cases  in  which  the  spleen  reached  lowest  down  were, 
successively,  cases  ;?,  17,  27,  38,  11,  36,  20,  and  25. 

The  cases  in  which  the  upper  pole  of  the  left  kidney  was 
lowest  down  were,  successively,  cases  2,  29,  39,  7,  14,  27,  and 
28. 

The  cases  in  which  the  lowest  point  of  tlie  spleen  was  highest 
up  in  the  abdomen  were,  successively,  cases  37,  8,  4,  3,  10, 12, 

18,  and  21. 

The  cases  in  which  the  upper  pole  of  the  left  kidney  was 
highest  up  were,  successively,  cases  23  and  24,  21,  4,  34,  3,  16, 

19,  12,  and  36. 

The  figures  in  italics  show  the  cases  which  were  common  to 
the  two  groups. 

A  consideration  of  these  cases  in  the  various  tables  and 
diagrams  does  not  appear  to  establish  any  direct  relationship — 
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apart  from  the  general  correspondence  of  visceral  levels — 
between  the  level  of  the  spleen  and  that  of  the  left  kidney. 

Moreover,  whilst  a  high  position  of  the  spleen  seems 
specially  associated  with  a  highly-placed  stomach,  the  reverse 
does  not  seem  apparent. 

In  the  case  of  a  large  spleen,  the  portion  above  the  kidney 
and  supra-renal  body  sometimes  spreads  down  in  front  of  those 
organs  to  the  upper  border  of  the  pancreas,  and  thereby  shuts 
the  kidney  and  supra-renal  out  from  any  direct  relationship 
with  the  stomach. 

The  Left  Supra-renal  Body. 

The  highest  point  of  the  left  supra-renal  body  is  situated  in 
the  average  5-5  cm.  above  E.F.,  at  a  distance  of  4  cm.  from  the 
middle  line,  being  overlapped  for  nearly  a  centimetre  by  the 
spleen.  The  innermost  point,  which  is  as  a  rule  the  inner 
extremity  of  the  lower  border,  averaged  24  cm.  from  the  middle 
line,  the  lower  border  being  '5  cm.  above  E.F.  The  left  supra- 
renal body  is  a  little  higher  and  a  little  nearer  to  the  middle 
line  than  the  right. 

The  left  supra-renal  body  is  sometimes  nearly  lifted  off  the 
kidney  in  the  cases  in  which  the  pancreas  is  much  higher  than 
the  kidney,  as  in  cases  17  and  31  ;  and,  on  the  contrary,  it 
may  be  somewhat  depressed  in  level  under  the  opposite 
circumstances,  as  in  cases  16,  24,  23,  and  36. 

The  Left  Kidney. 

The  upper  pole  of  the  left  kidney  is  situated  in  the  average 
4-5  cm.  above  E.F.  in  the  lateral  line  (6-1  cm.  from  the  middle 
line),  or  11  cm.  higher  than  the  corresponding  point  of  the 
right  kidney.  It  projects  in  the  average  1  cm,  above  the  upper 
border  of  the  pancreas.  Traced  downwards,  its  outer  border 
reaches  its  most  external  point  of  9*6  cm.  from  the  middle  line 
a  little  below  the  plane  of  E.F.  (-6  cm.).  Its  lower  pole  is 
situated  '8  cm.  higher  than  the  corresponding  pole  of  the  right 
kidney,  at  6-2  cm.  below  E.F.  and  6-2  cm.  from  the  middle  line. 
The  innermost  point  of   its    upper   segment   projects   inwards 
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beneath  the  pancreas  at  2*5  cm.  above  E.F.  to  3*8  cm.  from  the 
middle  line,  and  it  is  usually  overlapped  at  this  place  by  the 
supra-renal  body  for  1  cm. 

Speaking  roughly,  the  line  E.F.  passes  transversely  between 
the  upper  2/5"  and  the  lower  3/5"  of  the  left  kidney,  and  the 
lateral  line  passes  vertically  between  its  inner  2/5"  and  its  outer 
5/5". 

Its  lower  pole  averaged  4*1  cm.  above  the  umbilicus  and  3 "3 
•cm.  above  the  highest  point  of  the  iliac  crest,  and  was  a  little 
less  than  half-way  between  E.F.  and  CD.,  whilst  that  of  the 
right  kidney  was  a  little  more. 

Variations. — There  were  24  cases,  or  60  p.c,  in  which  the  upper 
pole  varied  between  3  cm.  and  6  cm.,  inclusive,  above  E.F.  There 
were  7  cases  in  which  it  was  2  cm.  or  less  above  E.F.,  the  lowest 
ibein^i  "5  cm.  in  cases  2  and  29.  There  were  8  cases  more  than 
•6  cm.  above  E.F.,  the  highest  being  8  cm.  in  cases  23  and  24. 

The  variations  in  the  distance  of  its  outer  border  from  the 
middle  line  were  not  considerable.  The  average  was  9'6  cm., 
■and  32  cases  were  between  8'5  and  10'5  cm.  inclusive. 

It  would  not  be  expected  that  the  left  kidney,  firmly  im- 
bedded as  it  is  behind  the  other  viscera  at  the  upper  part  of  the 
.abdomen,  would  be  exposed  sufficiently  to  the  pressure  of  the 
•overlying  viscera  so  as  to  alter  its  position  along  with  them  very 
•directly,  although  a  general  correspondence  in  the  visceral  levels 
would  be  expected.  We  have  seen  that  this  is  so  with  regard 
to  the  spleen,  more  particularly  in  an  upward  direction,  and  the 
same  holds  with  regard  to  the  stomach. 

The  kidney  was  lowest  down  in  cases  2,  29,  39,  7,  14,  27,  and 
28,  and  highest  up  in  cases  23,  24,  21,  4,  34,  3,  16,  and  19. 
"There  seems  to  be  no  direct  correspondence  between  the  position 
of  the  lower  border  of  the  stomach  and  the  upper  pole  of  the 
kidney ;  for  instance,  in  the  last  group  of  cases  the  stomach  was 
very  low  down  in  Nos.  24  and  34,  and  was  lower  than  usual  in 
some  of  the  other  cases.  In  the  first  group  the  stomach  was 
■often  low  down,  but  not  uniformly  so. 

In  fact,  as  in  the  case  of  the  right  kidney,  it  seems  that,  whilst 
the  connective  tissues  surrounding  the  left  kidney  remain  firm, 
it  is  in  a  great  measure  independent  of  enlargements  or  displace- 
ments of  the  viscera  in  its  neighbourhood. 
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Tlie  tivo  Kidneys. — In  8  cases,  or  20  p.c.  (Nos.  5,  7,  10,  13,  17, 
25,  29,  and  31),  the  upper  pole  of  the  right  kidney  was  higher 
than  that  of  the  left;  in  cases  5  and  10,  being  3  cm.  higher. 
In  3    cases  the  upper   poles  were  on  the  same   level,  viz.,  in 
Nos.  2,  27,  and  28.     It  is  interesting  to  notice  that  three  of 
the  cases  (Nos.  7,  2,  and  27),  in  which  the  upper  pole  of  the 
right  kidney  was  high  in   relation    to    that  of   the   left,  were 
amongst  those  in  which  the  distance  between  the  upper  pole  of 
the  right  kidney  and  the  upper  border  of  the  liver  was  least,  and 
in  which  the  question  was  asked  whether  the  liver  had  simply 
passed  downwards  over  the  face  of  the  right  kidney,  or  had  also, 
but  to  a  less  extent,  pushed  the  kidney  itself  downwards.     The 
fact  that  in  these  cases  the  upper  pole  of  the  right  kidney  was 
as  high  or   higher  than  that  of   the  left  would  considerably 
strengthen  the  conclusion  already  arrived  at,  that  the  liver,  in 
these  cases,  had  hot  displaced  the  right  kidney  downwards.    On 
the  contrary,  these  cases  of  relative  high  position  of  the  right 
kidney,  as  compared  with  the  left,  only  include  two  cases  in 
which  the  distance  between  the  upper  border  of  the  liver  and 
the  upper  pole  of  the  kidney  was  greater  than  the  average  (viz., 
cases  5  and  31). 

The  loioer  pole  of  the  right  kidney  was  higher  than  that  of  the 
left  in  8  cases,  or  20  p.c.  again ;  (viz.,  in  cases  4,  5,  7,  14, 16,  17, 
25,  and  40),  and  the  extreme  difference  in  these  cases  was  3  cm. 
in  No.  16.  The  lower  poles  were  on  the  same  level  in  5  cases; 
viz.,  Nos.  1,  10,  13,  29,  and  33,  so  that  in,  roughly,  30  p.c.  of  the 
cases  the  right  kidney  was  as  high  or  higher  than  the  left. 

The  Iliac  Crests. — The  average  position  of  the  lower  pole  of 
the  right  kidney  was  2*5  cm.  above  highest  part  of  the  iliac 
crest,  and  that  of  the  left  3-3  cm.  There  were  2  cases  on  the 
right  side  (Nos.  20  and  27),  and  none  on  the  left,  in  which  the 
lower  pole  of  the  kidney  was  lower  than  the  iliac  crest. 

There  were,  further,  8  cases  on  the  right  side  in  which  the 
lower  pole  of  the  kidney  was  down  to  the  level  of  the  iliac 
crest,  or  not  more  than  1  cm.  above  it ;  giving  10  cases,  or  25  p.c, 
in  which  the  lower  pole  of  the  right  kidney  was  below,  at  the 
level  of,  or  not  more  than  1  cm.  higher  than  the  highest  part 
of  the  iliac  crest. 

On  the  left  side  there  were  9  cases,  or  22*5  p.c,  in  which  the 
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lower  pole  of  the  kidney  was  on  the  level  of,  or  not  more  than 
1-5  cm.  higher  than,  the  highest  part  of  the  crest. 

On  the  right  side  there  were  4  cases,  or  10  p.c,  and  on  the 
left  side  there  were  9  cases,  or  25  p.c,  in  which  the  lower  pole 
of  the  kidney  was  5  cm.  or  more  higher  than  the  highest  part  of 
the  iliac  crest. 


DESCRIPTION  OF  PLATES. 

Plates  XXXII.,  XXXIII.,  and  XXXIV.,  on  a  scale  representing 
centimetres,  show  the  position  of  the  parts  of  the  large  intestine,  the 
vermiform  appendix  and  the  hnes  of  the  peritoneal  attachments,  in 
relation  to  the  surface  lines,  the  brim  of  the  pelvis  and  other  parts  in 
the  way  that  has  been  adopted  throughout  the  other  parts  of  the  paper. 
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NOTES  ON  THE  HAIR-SLOPE  IN  MAN. 
By  Dr  Walter  Kidd,  F.Z.S. 

The  following  observations  were  suggested  by  a  study  of  the 
singular  slope  of  hair  found  on  the  extensor  surface  of  the  fore- 
arm, which  has  been  looked  upon  by  many  writers  as  a  vestigial 
character.  In  Nature,  vol.  Iv.  p.  236,  I  wrote  a  short  paper  with 
the  purpose  of  showing  that  this  character  in  Man  is  not  ves- 
tigial, and  in  Natural  Science,  1897,  p.  357,  a  short  note  main- 
taining that  this  peculiar  direction  of  hair-slope  on  this  limb- 
segment,  both  in  Man,  Anthropoid  Apes,  certain  Monkeys,  and 
many  Carnivores,  is  due  to  the  effect  of  use  or  habit  transmitted 
through  numerous  generations.  It  is  not  necessary  here  to  re- 
capitulate this  argument.  Also  in  last  June,  at  the  Zoological 
Society,  I  read  a  paper  on  the  significance  of  the  hair-slope  in 
certain  mammals,  especially  in  the  frontal  and  nasal  regions, 
and  on  the  flank  and  post-humeral  and  pectoral  regions  of  the 
Horse.  These  characters  being  inherited,  the  suggestion  was 
that  they  are  due  to  certain  habits  and  environments  of  the 
animals  in  question,  and  thus  they  are  the  result  of  Lamarckian 
factors,  and,  so  far,  that  a  series  of  instances  of  inheritance  of 
acquired  characters  had  been  adduced,  contrary  to  the  well- 
known  doctrine  of  Weismann. 

The  direction  taken  by  the  hair  covering  the  human  body  is 
a  matter  already  well  elucidated  by  the  elaborate  descriptions 
and  illustrations  of  Eschricht  in  1837  ^  and  by  C.  A.  Voigt  in 
1857,-  who  both  made  numerous  observations  as  to  the  hair 
on  the  human  foetus.  To  these  I  have  nothing  to  add  of  any 
importance  after  numerous  examinations  of  hairy  young  human 
subjects  and  a  few  foetuses.  It  appears  that  on  all  parts  of  the 
human  body  where  it  exists,  the  hair  slopes  at  an  acute  angle 
with  the  plane  of  the  adjoining  surface  and  always  in  a  definite 

^  Archil- fur  Anat.  undPltys.,  1837. 

-  Dcnkschrlftenderk.  k.  AkarJ.  zx.  Wien,  Bd.  1-3,  1857. 
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direction,  which  is  constant  for  each  region,  the  only  exception 
to  this  being  the  eyelashes. 

Eschricht  gives  some  rather  crude  suggestions  as  to  the  reasons 
for  the  various  directions  found,  depending  upon  the  distribu- 
tion of  the  vascular  system ;  but  this  attempt  he  did  not  carry 
far,  on  account  of  the  want  of  correspondence  of  the  branching 
of  the  vascular  system  with  the  direction  of  the  hair.  He  also 
speaks  of  the  attractions  and  repulsions  at  certain  points  to 
which  the  ends  of  the  hairs  incline,  saying  that  the  lines  of 
attraction  are  the  prominences  of  the  surface,  especially  where 
the  skeleton  stands  out  more  sharply,  so  that  the  skin  is  more 
hardly  pressed.  But  his  attempts  at  explanation  are  not  im- 
portant, though  the  descriptions  are  clear  and  good. 

Voigt  undertakes  a  more  elaborate  attempt  to  account  for  the 
variations  and  peculiarities  found  on  the  body.  Without  going 
minutely  into  his  theories,  it  is  enough  to  say  that  he  makes  the 
"diverging  whorls,"  "converging  lines,"  and  "boundary  lines," 
for  which  he  supplies  definitions,  to  depend  upon  a  necessary 
and  mechanical  cause — viz.,  the  gradual  enlargement  in  three 
dimensions — length,  breadth,  and  thickness — of  the  developing 
embryo.  He  says  the  lines  of  direction  of  growth  of  the  embryo 
are  not  straight,  but  bent  and  sinuous,  because  they  are  the 
result  of  a  very  complicated  growth  in  length,  breadth,  and 
depth  of  the  soft  parts  just  beneath  the  skin,  also  of  the  bones. 
The  growth  of  the  skin  itself  also  has  to  be  taken  into  account, 
as  it  forms  over  the  hollowed,  rounded,  and  bent  surfaces  of  the 
body,  and  is  thus  stretched  in  the  course  of  growth.  He  says 
also  that  it  is  clear  that  the  portion  of  the  rudimentary  hair 
within  the  follicle  will  be  drawn  by  the  gradual  stretching  of 
skin  in  a  sloping  direction,  and  the  portion  external  to  the 
follicle  will  follow  this  direction.  A  view  of  this  kind  renders 
the  hair-slope  a  necessary  character  peculiar  to  the  human 
embryo,  and  one  dependent  on  the  course  which  the  enlarge- 
ment of  its  various  parts  takes  in  early  intra-uterine  life.  He 
also  shows'  that  on  certain  regions  the  rate  of  stretching  due  to 
more  rapid  enlargement  is  relatively  quick,  and  on  others,  e.g., 
the  axillary  and  inguinal  regions,  where  the  growth  is  quiet, 
the  stretching  is  slow.  He  describes  all  the  regions  of  the  sur- 
face of  the  human  body  where  hair  is  found,  and  the  theory  is 
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applied  to  each.  In  accounting  for  "  radiating  whorls,"  he  goes 
to  the  vegetable  kingdom  for  analogies,  and  refers  to  the  law  of 
spirals  and  screw  forms  found  in  leaves,  branches,  stems,  flowers, 
and  certain  allied  phenomena,  for  support  of  his  views. 

It  will  be  seen  that  the  views  of  Eschricht  and  Voigt  as  to 
the  direction  of  hair  on  the  body  of  Man  have  an  allied  basis — 
viz.,  the  necessary  arrangement  of  the  hair  in  most  complicated 
ways,  entailed  by  the  special  anatomy  of  this  particular  species. 
For  them  the  arrangement  follows  as  a  matter  of  course,  and  in 
all  cases.  It  is  easy  to  see  that  Voigt's  theory  may  fit  the  facts 
•closely,  and  it  is  ably  worked  out.  But  it  is  also  easy  to  see 
that  the  fundamental  position — viz.,  that  the  stretching  of  the 
skin  produces  the  change  of  position  of  the  developing  hair- 
germ  from  the  perpendicular  to  the  sloping  direction,  and  that 
this  depends  for  its  variations  upon  the  contiguous  anatomy — is 
not  necessary.  On  a  surface  such  as  that  of  the  human  embryo, 
subject,  even  before  its  birth,  to  constant  slight  pressure,  and 
much  more  so  in  after  life,  no  other  than  a  sloping  direction  of 
that  portion  of  the  hair  which  is  external  to  the  follicle  could 
occur.  If  this  be  so,  the  portion  within  the  follicle  would  of 
necessity  be  drawn  in  a  sloping  direction  also.  This  considera- 
tion as  to  the  general  cause  of  the  slope  of  hair  would  render 
Voigt's  theory  unnecessary,  however  ingenious  the  particular 
applications  of  that  theory  may  be  as  to  certain  modifications 
found  in  many  regions.  But  as  a  matter  of  fact  they  do  not  fit 
in  all  respects  those  varieties  found  in  Man,  and  certainly  not 
in  the  very  numerous  variations  of  hair-slope  found  in  other 
animals,  as  I  have  shown  elsewhere.  To  take  an  instance  in  one 
particular  animal.  The  Mole,  being  a  vertebrate  and  a  mammal, 
has  sufficient  resemblance  in  type  of  structure  to  Man  or  the 
lower  animals  to  require  that  it  should  share  as  to  its  hair-slope 
in  the  results  claimed  as  being  produced  in  Man  by  the  develop- 
ment of  the  anatomy  of  Man,  and  the  effect  on  the  hair-follicles 
of  its  skin.  But,  as  is  well  known,  the  skin  of  this  animal 
possesses  that  unusual  quality  of  hair  resembling  velvet,  and  has 
no  fixed  slope  of  hair  as  is  the  case  in  most  other  animals,  for 
the  simple  reason,  it  may  be  presumed,  of  its  burrowing  habits. 

In  the  case  of  Man  it  is  conceded  that  most,  if  not  all,  of  the 
directions  of  slope  found  in  the  foetus  are  also  found  to  continue 
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through  life,  with  very  little  moditication  here  and  there  from 
secondary  causes.  It  is  legitimate  then  to  assume  from  analogy 
(in  the  absence  of  accurate  observations  among  foetal  monkeys 
and  higher  apes)  that  in  the  case  of  Man's  supposed  nearest 
congeners,  the  slope  found  in  adult  apes  and  monkeys  approxi- 
mates very  closely  to  that  of  the  foetal  animals.  The  striking 
peculiarities  of  hair-slope  found  in  Man,  and  the  equally  striking 
simplicity  of  slope  found  in  apes  and  monkeys,'  would  on  the 
theory  of  Voigt  differentiate  Man  sharply  from  those  animals 
supposed  to  resemble  closely  his  ancestral  stock.  But  Man  is 
so  closely  allied  in  type  of  structure  to  a  representative  of  the 
Simian  family,  that  on  Voigt's  theory  similar  peculiarities  of 
slope  ought  to  be  found  in  these  two  closely  similar  animals. 
This  is  not  so ;  in  fact  the  difference  in  many  respects  is 
startling.  If  we  were  compelled  to  accept  Voigt's  theories  of 
hair-slope  as  proved,  we  should  also  have  to  reject  the  Simian 
ancestry  of  Man,  and  it  was  this  consideration  that  induced  me 
to  look  further  into  the  matter  of  the  hair-slope  in  Man.  It 
may  be  going  too  far  to  say  that  in  that  case  we  should  have 
to  reject  the  prevailing  view  of  man's  ancestry,  but  I  can  see 
no  escape  from  the  dilemma  that  we  should  be  constrained  to 
reject  either  that  view,  or  another  which  by  many  is  held  nearly 
as  tenaciously' — the  non-inheritance  of  acquired  characters.  It 
is  inconceivable,  and  not  indeed  contended,  that  natural  or 
any  other  form  of  selection  can  have  operated  to  produce  the 
whimsical  peculiarities,  if  one  may  so  term  them,  which  we 
find  existing  on  the  human  body.  They  cannot  be  due  to 
sexual  selection.  And  if  they  cannot  be  due  to  natural  selection 
a  fortiori,  they  cannot  be  vestigial ;  for,  not  existing  on  the 
assumed  ancestors  of  man,  nor  possessing  any  survival- value 
if  they  had  existed,  the  vestigial  view  of  them  is  estopped.  It 
seems  that  there  is  no  account  of  the  peculiarities  in  question 
to  be  given  than  that  they  are  due  to  the  inheritance  of 
characters  acquired  in  ancestors,  whose  hairy  covering  was  in 
a  plastic  state,  through  hal)it  or  use- — in  effect  that  they  are 
the  result  uf  Lamarckian  factors.  This  I  propose  to  maintain 
by  the  consideration  of  several  regions  of  the  human  skin,  in 
which  departures  from  the  general  slope  of  hair  found  in  allied 
Mammals  are  observed.     Briefly  and  roughly  it  may  be  said 


NOTES   ON   THE   HAIR-SLOPE   IN   MAN.  309 

that  the  trend  of  the  hair-streams  on  these  is  from  the  cephalic 
to"  the  caudal  extremities  of  the  head  and  trunk,  and  from  the 
proximal  to  the  distal  extremities  of  the  limb-segments. 

Before  leaving  the  question  of  setiology,  I  would  mention  the 
floating  opinion  among  biologists  that  certain  facts  as  to  hair- 
slope  on  the  human  body  are  due  to  or  adapted  for  rain-tracks. 
Wallace,  and  Komanes  following  him,  speak  of  the  slope  on  the 
extensor  surface  of  the  forearm  being  vestigial  in  man,  and  in 
monkeys  from  whom  man  has  inherited  it,  having  been  acquired 
by  adaptation  to  their  habits  of  sitting  with  their  hands  grasp- 
ing boughs  of  trees  in  the  midst  of  forests  with  tropical  rain 
falling  on  them.  Leonard  Hill  says  roundly  :  "  The  fine  hairs 
on  the  body  and  limbs  of  man  ^  are  arranged  as  in  the 
monkey,  to  point  in  certain  directions,  so  as  to  shoot  off  the 
rain  from  the  body  when  climbing," — a  statement  both  crude 
and  too  sweeping.  In  passing,  I  might  digress  for  the  purpose 
of  remarking  that  whether  vestigial  or  not,  there  is  one  animal 
whose  hair-slope  on  this  region  fully  bears  out  my  contention  as 
to  Lamarckian  factors.  I  refer  to  the  Orang,  with  its  wealth  of 
long  hair  on  the  forearm,  which  slopes  uniformly  in  a  proximal 
direction  from  manus  to  elbow  joint,  manifestly  because  of  the 
simple  action  of  gravitation  affecting  the  mass  of  long  hair  in 
the  attitude  so  common  to  all  higher  apes. 

There  is  also  a  reference  to  this  question  of  eetiology  of  hair- 
slope  in  an  interesting  work  by  Mr  E,  E.  Thompson,'  where  he 
says :  "  The  direction  of  the  hair  is  determined  by  two  laws. 
First,  the  necessity  of  offering  the  least  possible  resistance  to 
the  air,  and  to  grass,  brushwood,  and  other  obstacles,  while  the 
animal  is  in  motion.  Second,  the  necessity  for  running  otf  the 
rain,  especially  when  the  animal  is  at  rest.  The  first  law  gives- 
a  backward,  and  the  second  a  downward,  direction  of  the  hair." 
As  to  this  reading  of  the  facts,  I  would  suggest  that  it  is  much 
more  likely  that  the  truth  is  the  other  way — viz.,  that  the 
backward  general  slope  of  hair  in  animals  is  produced  hy  the 
constant  pressure  of  the  forces  he  indicates,  and  by  one  more 
important  which  he  does  not  mention,  viz.,  the  habit  of  clean- 
ing their  fur  uniformly  found  in  mammals,  rather  ihoxi  produced 

'^  Manual  of  Physiology,  1899,  p.  324. 
'•^  Art  Anatomy  of  Animals,  1895,  p.  5. 
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for  the  purposes  in  question.  It  is  difficult  to  see  the  over- 
powering necessity  for  running  off  the  rain  even  in  tropical 
countries,  and  certainly  vast  numbers  of  animals  even  in  the 
moist  climates  of  the  Miocene  age  cannot  have  spent  so  large  a 
portion  of  their  lives  in  torrential  rain  as  to  make  any  direc- 
tion of  hair  adapted  to  such  conditions  a  necessity  of  their 
structure.  In  illustration  of  which  I  would  adduce  Eodents, 
and  burrowing  animals  in  general,  where  the  effects  of  pressure 
would  be  so  strongly  operative. 

The  most  notable  regions  of  the  human  body  where  arrange- 
ments which  I  have  termed  'peculiarities,  for  the  sake  of  con- 
venience, will  now  be  considered. 

1.  Frontal  region. — Here  a  slope  of  hair  is  found  which 
results  from  a  coalescence  of  the  streams  belonging  to  the 
scalp   and   inter-orbital   region.     Over   the  frontal   region  the 


stream  passes  to  each  side  in  a  curving  direction  to  the  tem- 
poral regions.  Towards  the  orbits  it  is  lost  in  the  eyebrows, 
and  towards  the  scalp,  close  to  the  middle  line  mainly,  it  passes 
in  a  course  parallel  to  the  median  plane  to  the  edge  of  the 
scalp,  where  it  is  lost  in  the  hair  of  that  region.  Towards  the 
frontal  eminences  the  direction  has  curved  so  as  to  point  to  the 
temporal  regions.     The  only  peculiarity  in  this  region  is  the 
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direct  opposition,  undoubtedly  more  marked  in  some  subjects 
than  in  others,  between  the  stream  from  the  forehead  to  the 
scalp  in  the  middle  line,  and  that  from  the  scalp  to  the  fore- 
head. It  would  seem  that  the  action,  through  many  genera- 
tions, of  methods  of  dressing  hair  afford  the  traction  necessary 
to  produce  this  peculiarity. 

2.  Ocdinto -cervical  region. — Two  very  different  arrangements 
of  hair-slope  are  found  here.  They  are  plainly  visible  in  the 
foetus,  but  may  be  traced  in  male  subjects  whose  hair  is  kept 
short,  and  furnish  one  of  the  most  interesting  cases  of  diverg- 
ence of  type.  Of  the  two  varieties  (with  numerous  small 
modifications  of  each),  I  have  ventured  to  call  one  the  Normal 


Fig.  2. 


Exceptional. 


and  the  other  the  Exceptional  type,  for  a  simple  reason  which 
will  appear  later.  The  normal  arrangement  is  that  the  stream 
of  hair  descends  from  the  occipital  region  in  the  middle  line 
parallel  with  the  long  axis  of  the  spine.  To  each  side  of  the 
middle  line  the  stream  passes  in  a  curving  direction  to  the 
lateral  aspect  of  the  neck,  where  it  joins  an  opposing  stream 
from  the  ventral  aspect.  There  are,  of  course,  many  degrees 
of  divergence  from  the  middle  line ;  in  some  cases  the  stream 
will  in  its  whole  course  not  diverge  far  from  this  line,  in  others 
it  passes  so  sharply  to  the  side  of  the  neck  as  to  be  almost  at 
right  angles  to  the  long  axis  of  the  spine,  and  in  a  few  excep- 
tional cases  one  side  of  this  region  will  have  a  stream  passing 
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in  the  Normal  direction,  and  the  other  half  will  assume  the 
Exceptional  direction  and  pass  to  the  middle  line.  The  Excep- 
tional type  is  a  departure  which  is  shown  by  the  central  and 
lateral  portions  of  the  occipital  stream,  instead  of  diverging  as 
they  descend,  converging  sharply  to  the  middle  hue,  forming 
with  the  vertical  portion  one  united  stream,  so  that  the  portions 
of  this  stream  passing  the  mastoid  region  become  as  sharply 
directed  to  the  middle  line  as  these  in  the  Normal  type  are 
directed  from  it.  These  different  types  are  well  known  to  hair- 
dressers, and  are  very  simple  in  their  arrangement.  Singularly 
the  figures  of  Eschricht  and  Voigt  each  give  only  one  of  these 
arrangements,  as  if  that  was  the  normal  one,  a  conclusion  which 
might  easily  be  arrived  at  from  the  examination  of  a  few  foetuses. 
The  discrepancy  is  accounted  for  by  examining  a  considerable 
number  of  adults,  especially  those  whose  hair  is  cut  short.  I 
examined  627  cases  for  this  purpose,  and  found  that  306  pre- 
sented the  Normal  and  321  the  Exceptional  type;  of  these,  47 
were  females,  and  24  showed  the  Normal  and  23  the  Excep- 
tional type.  I  should  say  that  among  English  persons,  at  any 
rate,  from  a  much  larger  general  study  of  the  matter  than  these 
627  cases,  this  difference  fairly  represents  the  proportion  of  the 
two  types.  These  terms  Normal  and  Exceptional  have  been 
employed  because,  on  the  view  of  man's  descent  from  a  Simian 
stock,  the  so-called  Normal  type  would  be  the  one  he  would 
inherit.  It  is  remarkable  how  uniform  this  type  is  among  all 
the  anthropoid  apes  and  monkeys,  living  and  dead,  that  I  have 
examined.  In  not  a  single  case  have  I  been  able  to  find  the 
Exceptional  type. 

As  to  the  interpretation  of  these  two  types,  one  may  say  at 
first  that  a  single  case  such  as  this  militates  strongly  against 
the  theory  of  Voigt  as  to  the  production  of  the  slope  of  hair,  in 
this  region  at  any  rate ;  and  similar  other  cases  will  appear  in 
other  regions.  I  would  submit  that  the  remarkable  ditference 
of  type  found  here,  and  which  lasts  throughout  life,  being  less 
marked  in  infancy  than  later,  is  due  to  the  inherited  effect 
through  numerous  generations  of  the  method  adopted  in  dress- 
ing the  hair.  There  must  have  been  a  time  when  neither 
primitive  man  nor  woman  dressed  their  hair  at  all.  Again,  in 
later  times,  with  increasing   attempts  at  culture,  the  women 
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would  in  some  fashion  or  other  dress  what  they  now  call  their 
'  back  hair.'  This  would  of  necessity  involve  some  drawing 
together,  and  perhaps  drawing  upwards  of  the  two  streams 
which  fall  from  the  sides  of  the  head.  At  this  stage  man,  if 
he  attended  at  all  to  his  hair,  would  employ  some  form  of 
combing  downwards.  From  analogies  of  various  kinds,  one 
would  suppose  the  attempts  at  ornamentation  would  be  much 
earlier  in  women  than  men.  There  have  been  also  nations  in 
whom  the  fashion  of  drawing  the  hair  together  into  a  pigtail 
has  been  common,  so  that  here,  as  well  as  in  the  female 
methods  of  dressing  hair,  the  required  traction  towards  the 
middle  line  of  large  masses  of  hair  is  furnished.  Such  a 
force  acting  through  numerous  generations  could  hardly  fail 
to  confirm  the  Exceptional  type  of  slope  in  the  descendants, 
and  the  mere  combing  downwards  of  hair  would  confirm  the 
Normal  type  in  other  descendants.  Whether  this  strange 
difference  of  type,  now  found  in  English  people,  be  due  or  not 
to  the  inheritance  from  male  or  female  ancestors  respectively, 
the  equal  division  of  the  numbers  examined  as  to  this  character 
is  at  least  suggestive.  To  estimate  the  effect  of  the  tying 
together  and  plaiting  of  a  woman's  hair,  one  has  only  to 
examine  the  case  of  one  whose  type  is  a  Normal  one,  and  to  see 
the  sharp  inward  turn  of  the  hair  which  is  sufficiently  long  to 
be  caught  up  (which  is  pretty  constant  and  not  at  all  easy  to 
alter),  and  the  outward  or  lateral  course  of  the  hairs  which 
have  been  too  short  to  be  caught  up. 

The  statistical  consideration  of  this  matter  in  China  would 
be  of  much  interest. 

3.  Lateral  aspect  of  ncch. — There  occurs  here  a  peculiarity 
of  slope  not  found  in  apes  and  monkeys.  In  them  the  stream 
passes  on  each  side  with  little  or  no  alteration  of  direction  from 
the  face  to  the  pectoral  regions.  In  man  the  stream  from  the 
face  passes  similarly  without  much  divergence  until  it  reaches 
the  level  of  about  the  middle  of  the  anterior  triangle  of  the 
neck,  where  it  meets  near  the  middle  line  in  a  slightly  oblique 
direction  an  ascending  stream  from  the  pectoral  and  anterior 
cervical  regions.  At  this  point  the  opposing  streams  coalesce 
and  together  form  the  stream  found  on  the  dorsal  aspect  of  the 
neck  and   merge  into    the    stream  which    descends   from    the 
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occipital  region.  The  coalescence  of  the  two  streams  on  the 
lateral  aspect  of  the  neck  produces  that  reverse  of  slope  of  hair 
so  well  known  practically  to  those  that  shave  their  beard.     It 


Fig.  3. 

is  difficult  to  see  an  interpretation  of  this  peculiarity  from  such 
causes  as  one  is  attempting  to  trace  elsewhere,  but,  as  far  as  it 
goes,  the  effect  of  clothing  round  the  neck  would  tend  to  con- 
firm it. 

4.  On  the  thoracic  abdominal  and  dorsal  regions  are  certain 
peculiarities  which  either  do  not  exist  at  all,  or  very  rarely,  in 
the  Simian  family. 

In  man  a  "  parting "  is  found  extending  from  the  axilla  (in 
some  cases  commencing  above  at  the  level  of  the  nipple)  with 
slightly  sinuous  course  down  the  side  of  the  thorax  to  the  level 
of  the  umbilicus,  where  a  radiating  whorl  is  found,  and  from  this 
point  to  the  middle  of  Poupart's  ligament ;  it  is  then  lost  in  the 
diverging  line  found  on  the  flexor  aspect  of  the  thigh.  This 
long  line  marks  the  divergence  of  two  great  streams  of  hair, 
one  to  the  ventral  and  the  other  to  the  neural  aspect  of  the 
trunk.  No  special  interest  in  this  connection  is  attached  to 
the  ventral  stream.  But  that  which  passes  from  this  line  men- 
tioned is  very  interesting  in  its  course  from  the  present  point 
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of  view.  As  it  tends  towards  the  lateral  aspect  it  lies  at  first 
at  a  right  angle  to  the  longitudinal  axis  of  the  body,  and  in  the 
lumbar  region  it  maintains  this  direction  closely.  But  in  the 
dorsal  region  it  commences  over  the  angles  of  the  ribs  to  take 
a  curving  direction  with  a  gentle  concavity  towards  the  head, 
and  so  it  continues  till  it  makes  an  angle  of  about  45°  with 
the  vertebral  column.  Over  the  masses  of  muscle  bordering  the 
vertebral  furrow  it  takes  a  rather  sharp  curve  in  the  opposite 
direction,  so  that  now  the  convexity  is  towards  the  head.  In 
the  vertebral  hollow  it  unites  with  the  stream  from  the  occiput 
and  continues  to  the  coccyx,  without  interruption.  At  the 
neural  border  of  the  axilla,  the  stream  issuing  therefrom  is 
found  to  take  a  similar  direction  over  the  scapula  and  deltoid 
muscle,  so  that  the  hairs  slope  in  the  former  region  towards  the 
neck,  and  in  the  latter  radiate  first  towards  the  coraco-clavicular 
joint,  then  towards  the  shoulder  joint,  and  the  remaining  por- 
tion coalesces  with  the  opposing  stream  from  the  ventral  surface 
which  has  wound  round  the  upper  arm.  Voigt  and  Eschricht 
figure  the  stream  on  the  dorsal  region  of  the  fcetus  as  passing 
at  an  angle  of  less  than  45°  to  the  vertebral  column,  before  it 
curves  towards  the  caudal  extremity,  but  the  description  here 
given  represents  the  facts  as  found  in  young  adults  and  even  in 
very  young  children.  In  some  adults  the  condition  just  de- 
scribed is  considerably  exaggerated. 

There  are  thus  two  notable  peculiarities  in  the  regions  men- 
tioned. First,  the  parting  of  the  streams  which  pass  to  the 
ventral  and  neural  aspect  of  the  trunk  ;  secondhj,  the  general 
tendency  of  the  hair-streams  to  pass  towards  the  cephalic  rather 
than  towards  the  caudal  extremity  of  the  body  in  the  dorsal 
reo-ion  Neither  of  these  is  normal  in  the  Simian  family  as  far  as 
my  observations  go,  and  the  second  is  strikingly  opposed  to  every 
case  examined.  In  every  anthropoid  ape  or  monkey  examined 
the  general  trend  of  hair-streams  on  the  dorsal  region  is  from 
cephalic  to  caudal  end,  and  no  approach  to  the  reversed  direc- 
tion, found  in  man,  has  been  met  with.  The  more  near  to  the 
erect  position  is  the  normal  position  of  an  ape  or  monkey  the 
more  does  the  hair  lie  in  the  longitudinal  axis  on  the  trunk, 
especially  the  dorsal  region.  In  any  higher  mammal,  such  as  a 
horse  or  dog,  the  hair  slopes  on  the  dorsal  region  in  a  direction 
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still  more  opposed  to  that  found  in  man,  being  even  in  certain 
areas  di7'ectly  opposed  to  it. 

As  to  the  aetiology  of  the  slope  found  on  the  dorsal  region,  and 
round  the  neural  border  of  the  axilla,  it  is  not  difficult  to  see  a 
force  which  acts  for  about  one-third  of  man's  whole  life  pretty 
consistently  in  a  manner  calculated  to  produce  it.  In  sleep, 
man  spends  so  much  more  of  his  time  lying  on  his  side,  and 
with  his  head  more  or  less  raised  on  a  pillow,  that  this  attitude 
may  be  taken  as  the  predominant  one.  Little  reflection  is 
required  to  show  one  that  the  attitude  referred  to  necessarily 
tends  to  produce  this  slope  on  account  of  the  tendency  of  the 
body  to  slide  downwards  off  the  pillow,  and  this  would  produce 
the  upward  slope  of  the  hair.  A  similar  result  must  also  follow 
from  the  attitude  of  sitting  with  the  back  resting  against  a 
support.  But  the  slope  is  not  only  upwards  towards  the  head 
but  is  inwards  toward  the  vertebral  column,  until  it  reaches  the 
borders  of  the  vertebral  furrow,  where  it  changes,  and  this  slope 
is  also  obviously  afiected  by  the  same  attitude.  Passing  also  to 
the  scapular  and  deltoid  regions,  one  can  see  how  the  tendency 
to  slide  off  the  pillow  in  sleep  contributes  also  to  the  slope 
described  as  existing.  In  certain  hairy  subjects  who  have 
suffered  a  good  deal  from  illness,  necessitating  much  of  the  re- 
cumbent position,  I  have  seen  greatly  exaggerated  upward 
sloping  of  the  hair  on  the  dorsal  region.  I  would  submit  that 
the  mechanics  required  for  the  production  of  a  very  unexpected 
slope  of  hair  are  here  ready  to  hand. 

As  to  the  parting  on  the  lateral  aspect  of  the  thorax  and 
abdomen  of  the  neural  and  ventral  streams,  one  can  do  no  more 
than  make  one  suggestion  which  may  throw  some  light  upon  its 
production.  The  attitude  in  sleep  referred  to  as  the  preponder- 
ating one  brings  with  it  a  position  of  the  arm  and  forearm  which 
may  influence  this  parting.  The  arm  lies  exactly  in  the  posi- 
tion of  this  parting  line  when  the  person  is  lying  on  his  side, 
i.e.,  the  arm  opposite  to  the  side  on  which  he  lies.  The  line  of 
the  arm  follows  this  parting  until  the  radiating  whorl,  described 
as  existing  at  the  level  of  the  umbilicus,  is  reached,  and  this 
whorl  corresponds  closely  with  the  position  of  the  elbow  joint 
when  the  limb  is  slightly  flexed.  The  forearm,  if  extended, 
would  also  lie  over  that  further  portion  of   the  parting   line 
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which  reaches  to  the  inguinal  region,  but  if  flexed  at  all  it 
would  not  do  so.  The  suggestion  is  only  put  forward  tenta- 
tively that  the  steady  pressure  of  the  weight  of  the  limb  with 
necessary  frequent  shght  movements  would  have  some  influence 
on  a  parting  of  the  kind  described. 

On  the  liinbs  of  man  there  are  a  few  departures  from  the  type 
of  slope  of  hair  which  would  be  expected  if  man  inherited  this 
from  quadrumanous  ancestors.  The  most  significant  is  that  on 
the  extensor  surface  of  the  forearm.  The  hair-streams  on  the 
rest  of  this  limb-segment  present  no  peculiar  features. 

On  the  extensor  surface,  more  especially  along  the  line  of  the 
posterior  border  of  the  ulna,  there  is  a  united  stream  of  hair 
formed  by  a  coalescence  of  the  two  which  divide  on  the  flexor 
surface,  pass  towards  the  manus  at  first,  then  curve  round  the 
axial  and  pre-axial  borders  respectively  till  they  lie  at  right 
angles  to  the  long  axis  of  the  limb.  At  a  point  varying  from 
one  to  two  inches  from  the  distal  end  of  the  ulna  commences  the 
reversed  curl,  which  results  in  a  narrow  stream  passing  straight 
towards  the  olecranon  process,  and  terminating  in  a  converging 
whorl  on  the  proximal  side  of  that  process.  As  to  this  singular 
direction  of  a  hair-stream,  I  pointed  out  in  the  paper  referred 
to^  that  it  was  not  a  vestigial  character,  but  that  it  was  a 
character  produced  both  in  man,  anthropoid  apes,  some  American 
monkeys,  and  carnivores,  by  the  effect  of  pressure  on  this  exposed 
surface  of  the  limb  in  the  attitudes  common  to  those  diverse 
creatures.  The  view  that  it  is  due  to  rain-tracks,  either  pro- 
duced by  or  for  running  off  tropical  rain,  has  been  alluded  to  as 
quite  insufficient  to  account  for  it,  considering  its  presence  in 
almost  identical  form  in  many  Carnivores  and  in  certain  Un- 
gulates, as  some  antelopes  which  adopt  an  attitude  like  the 
'  couchant '  attitude  of  Carnivores. 

On  the  manus  of  man  the  general  trend  of  hair-streams  is 
from  the  pre-axial  to  the  post-axial  border,  and  it  assumes  a 
direction  pretty  closely  at  right  angles  to  the  long  axis  of  the 
limb,  except  along  the  dorsal  aspect  of  the  first  metacarpal  bone, 
where  a  parting,  continuous  with  that  on  the  flexor  surface  of 
the  forearm  and  carpus,  is  found.  This  leads  to  a  divergence 
of  the  streams  on  the  manus,  the  one  scanty  and  passing  to  the 

^  Nature,  vol.  Iv.  p.  236. 
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pre-axial  border,  and  the  other  more  marked  and  passing  to  the 
post-axia]  border.  The  only  divergence  from  this  rule  is  that 
on  the  third,  fourth,  and  fifth  first  phalangeal  segments  the  hair 
slopes  in  the  line  of  the  digit  (where  it  is  under  the  shelter  of 
the  digit  lying  in  front  of  it  in  the  majority  of  the  actions  of  the 
hand),  instead  of  at  right  angles  to  the  line  of  the  digit.  The 
description  of  the  slope  on  the  nianus  of  man  will  suffice,  with 
change  of  terms,  for  that  on  the  pes.  It  is  easy  to  see  that  in 
the  ordinary  position  of  the  forearm  and  manus  in  walking,  both 
in  the  case  of  man  and  the  higher  apes,  and  in  the  course  of 
man's  numerous  manual  avocations,  the  main  tendency  of  these 
will  be  to  direct  the  slope  as  it  is  found. 

On  the  surface  of  the  arm  there  is  very  little  to  notice  as  to 
peculiarities. 

On  the  thigh  also  there  is  only  one  region — viz.,  the  proximal 
third  of  the  extensor  surface — where  a  peculiarity  occurs.  Man 
shares  this  with  many  apes  that  have  a  habit  of  sitting.  Here 
the  streams  from  the  flexor  surface  curve  round  the  axial  and 
pre-axial  borders,  much  as  we  saw  in  the  case  of  the  forearm, 
and  they  unite  in  the  proximal  third  of  the  limb  in  a  central 
narrow  stream,  which  passes  directly  to  the  tuberosity  of  the 
ischium.  This  reversed  stream  in  man,  apes,  and  monkeys 
would  appear  to  be  due  to  the  mechanical  effect  on  the  slope  of 
hair  of  the  attitude  adopted  in  sitting,  and  in  the  case  of  long- 
haired forms  the  action  of  gravity  would  assist  it. 

On  the  leg  there  is  little  variation  of  slope  from  what  is  found 
in  animals  such  as  monkeys.  One  large  stream  occupies  the 
whole  of  the  length  and  circumference  of  this  limb-segment,  and 
shows  only  one  diverging  line,  which  is  not  at  all  clearly  marked, 
at  the  fibular  border  of  the  limb  on  the  extensor  aspect.  This 
is  situated  where  the  mechanical  effects  of  pressure  in  walking 
among  brushwood  or  any  opposing  ol)Stacles  of  that  kind,  with- 
out covering  on  the  limb,  would  produce  some  parting  of  the 
streams.  The  absence  of  all  peculiarities  on  this  limb  segment 
either  as  to  whorls,  diverging  lines,  reversed  slope,  or  others 
such  as  are  found  elsewhere,  is  very  suggestive,  by  its  negative 
evidence,  of  the  effect  found  in  those  regions  where  clothing  and 
other  forms  of  pressure  are  known  to  be  in  operation.  Any 
mechanical  causes  which  would  operate  here  would  be  such  as 
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that  of  gravity  in  the  case  of  a  long-haired  form,  and  the  one 
already  mentioned  as  met  with  in  walking. 

The  facts  here  brought  forward  do  not  claim  to  be  exhaustive, 
but  rather  representative,  and  I  submit  that  some  interpreta- 
tion of  the  numerous  peculiarities  and  departures  from  a  simple 
type  of  slope  which  the  human  body  presents  is  demanded. 

The  facts  of  the  case  seem  to  me  to  bear  out  the  view  here 
maintained,  that  in  man  the  direction  of  hair-slope  is,  in  many 
regions,  determined  largely  by  external  forces  and  by  habits 
peculiar  to  man,  and  that  these,  repeated  through  numerous 
generations  of  ancestors  in  whom  the  growth  of  hair  was  more 
abundant,  have  led  to  the  arrangements  found  in  man  as  he  now 
exists.  Certain  of  these  forces  and  habits  can  be  observed  in 
action  at  the  present  time,  and,  as  far  as  they  go,  they  point  to 
a  modifying  influence  upon  a  plastic  growth  such  as  that  of 
hair.  Broadly  speaking,  one  may  say  that  the  hair-streams  pass 
in  the  lines  of  the  least  resistance  on  the  body  of  man. 

The  importance  of  the  question  of  the  production  of  hair-slope 
is  not  confined  to  one  such  as  the  human  species,  but,  if  the 
position  here  maintained  be  found  applicable  to  this  highest  of 
all  forms,  it  furnishes  a  strong  presumption  in  favour  of  similar 
influences  at  work  in  many  others,  if  not  all,  of  the  great  group 
of  hairy  mammals.  In  this  case  an  extensive  body  of  facts  con- 
trary to  the  doctrine  of  Weismann  would  be  forthcoming. 


ABNOEMAL  VEINS  IN  THE  FEOG.  By  Thomas  W.  Shore, 
M.D.,  B.Sc.  (Lond.),  Lecturer  on  Comparative  Anatomy  and 
Biology  to  St  Bartholomevj  s  Hospital  and  College. 

A  FEW  months  ago  I  described  ^  an  unusual  arrangement  of  the 
veins  of  the  common  frog,  in  which  the  left  renal  portal  vein, 
instead  of  ending  in  the  capillaries  of  the  kidney,  passed  onwards 
as  a  large  vessel  forwards  round  the  anterior  border  of  the 
kidney,  to  open  directly  into  the  post-caval  vein.  Since  then  I 
have  been  on  the  look-out  for  abnormalities  in  the  veins  of  this 
animal,  and,  during  the  past  year,  four  interesting  variations 
from  the  usual  arrangement  have  turned  up  in  the  animals  used 
in  the  ordinary  practical  classes  in  my  laboratory. 

1.  An  Unusual  Renal  Portal  Vein. — The  first  specimen,  which 
I  now  describe,  was  somewhat  similar  to  that  described  and 
figured  in  this  Journal,  vol.  xiv.,  N.S.,  p.  398.  It  afi'ected  the 
left  renal  portal  vein,  which,  instead  of  breaking  up  into  capil- 
laries in  the  kidney,  passed  straight  through  the  substance  of 
this  organ  as  a  large  vessel  with  undiminished  calibre  directly 
into  the  post-caval  vein.  It  did  not  lie  deeply  in  the  kidney, 
but  was  quite  superficial  and  completely  visible  on  the  ventral 
surface  of  the  organ  without  dissection  into  it.  As  it  emerged 
from  the  inner  border  of  the  kidney,  it  took  the  place  of  the 
second  of  the  renal  veins  which  are  usually  present,  and  then 
contributed  a  very  considerable  part  of  the  post-caval.  A  good 
idea  of  the  condition  present  is  afforded  by  the  accompanying 
figure. 

The  explanation  of  this  abnormality  is,  I  think,  the  same  as 
that  I  put  forward  to  explain  the  abnormal  renal  portal  vein 
previously  described — viz.,  that  the  renal  portal  represents  some 
portion  of  the  embryonic  posterior  cardinal,  with  which,  in 
development,  the  subsequently  formed  post-caval  becomes  con- 

^  This  Journal,  vol.  xiv.,  N.S.,  i).  398. 
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tiuiious.  I  am  still  engaged  in  the  investigation  in  frog-tadpoles 
of  the  fate  of  the  posterior  cardinals  and  their  relations  to  the 
post-caval,  and  have  already  satisfied  myself  that  the  posterior 
part  of  the  post-caval  is  formed  from  a  portion  of  the  posterior 
cardinals,  and  that  another  part  of  them  is  connected  with  the 
development  of  the  renal  portals.    ]\Iy  investigation  is,  however, 


— p.c.v. 


r.v.' 


r.r.p.v. 


r.v. 


l.r.p.v. 


Fig,  1. — Unusual  renal  portal  vein,  p.c.v.,  post-caval  vein;  r.v.,  renal  vein  ; 
h,  kidney  ;  r.r.p.v.,  right  renal  portal  vein  ;  l.r.p.c,  left  renal  portal  vein  ; 
u,  ureter. 

incomplete,  and  I  hope  to  deal  fully  with  this  topic,  and  the 
development  of  some  other  veins,  in  a  future  paper. 


2.  A  Vein  coiineditig  the  Renal  Portal  and  the  Pulmonary. — 
In  another  frog,  I  have  found  the  very  remarkable  condition  of 
a  vein  of  moderate  size  running  forwards  from  the  left  renal 
portal  vein  to  join  the  left  pulmonary  on  the  root  of  the  lung, 
and  receiving  in  its  course  a  few  small  tributaries  from  the  lung 
itself.  In  this  case  some  of  the  venous  blood  carried  by  the 
renal  portal  was  able  to  return  to  the  heart  vid  the  pulmonary 
system,  and  independently  of  the  post-caval  system.     The  vein 
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was  not  so  large  as  the  renal  portal  itself,  so  that  evidently  a 
considerable  portion  of  the  blood  still  passed  along  the  usual 
channels  vid  the  kidney  capillaries  and  post-caval.     The  accom- 


U. 


Fig.  2. — Vein  connecting  renal  portal  and  pulmonary,  p.v.,  pulmonary  vein  ; 
LI.,  left  lung;  k,  kidney  ;  l.r.p.r.,  left  renal  portal  vein;  u,  ureter;  c.v., 
abnormal  vein,  connecting  the  left  renal  portal  with  the  pulmonary. 

panying  figure  shows  somewhat  diagram matically  the  arrange- 
ment described. 

This  specimen  is  specially  interesting  when  considered  in  con- 
nection with  the  next  to  be  described. 


3.  Mesenteric,  Splenic,  and  Hcemorrhoidal  Veins  connected  to  the 
Left  Lung. — In  this  specimen  three  veins  passed  from  the  mesen- 
teric venous  system  to  the  apex  of  the  left  lung,  lying  in  a  band 
of  peritoneum,  by  which  the  lung  was  loosely  connected  with 
the  posterior  part  of  the  mesentery.  One  of  the  veins  which 
passed  in  this  band  arose  apparently  from  the  capillaries  at  or 
near  the  tip  of  the  lung,  and  became  directly  connected  with  the 
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mesenteric  vein,  of  which  it  formed  the  posterior  origin.  Blood, 
no  doubt,  passed  along  it  in  the  direction  described.  The  other 
two  abnormal  vessels  were  more  remarkable,  for  apparently  they 
carried  blood  to  the  lung.  One  of  them  arose  by  several  small 
tributaries  from  the  rectum,  in  the  way  that  the  hemorrhoidal 
vein  usually  arises ;  but  instead  of  passing  into  the  mesenteric, 
curved  off  in  the  fold  of  peritoneum  to  the  lung,  the  capillaries 


mes. 


Fig.  3. — Connection  beween  the  hepatic  portal  system  and  the  lung.  I,  lung  ; 
St.,  stomach;  h.p.,  hepatic  postal  vein;  (j,  gastric  vein;  ones.,  mesenteric 
vein;  spL,  spleen;  red.,  rectum  ;  hccm.,  hsemorrhoidal  vein;  c,  band  of 
peritoneum  passing  between  the  mesentery  and  the  lung,  and  containing 
three  abnormal  veins. 


of-which  it  appeared  to  join.  This  vessel  was  very  slender.  The 
third  vein  arose  from  the  spleen,  and,  running  alongside  the 
abnormal  continuation  of  the  mesenteric,  traversed  the  peri- 
toneal band  and  reached  the  lung,  where  it  appeared  to  end  in 
the  capillaries  of  that  organ.  The  spleen  had  also  a  second  vein, 
which  joined  the  mesenteric  in  the  usual  way.    Thus,  in  addition 
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to  showing  an  abnormal  origin  of  the  mesenteric  vein  from 
the  capillaries  of  the  lung,  the  specimen  exhibited  abnormal 
htemorrhoidal  and  splenic  veins,  which  apparently  ended  in  the 
pulmonary  capillaries.  The  blood  conveyed  by  these  two  latter 
vessels  could  therefore  be  returned  from  the  lung  either  by  the 
left  pulmonary  vein  or  by  the  abnormal  origin  of  the  mesenteric 
vein.  A  diagram  of  the  arrangement  found  will  make  the 
description  clear.  In  the  specimen  from  which  the  drawing 
was  taken,  the  lung  had  been  inflated, 

•  Quite  recently,  Dr  Ernest  Warren  ^  has  described  three  in- 
stances in  which  in  frogs  he  has  met  with  a  vessel  passing  from 
the  lung  to  the  hepatic  portal  system.  In  one  case  he  found 
that  an  artery  arose  from  the  posterior  mesenteric  and  passed 
to  the  apex  of  the  lung,  and  the  corresponding  vein  bifurcated, 
one  branch  being  continued  into  the  renal  portal,  and  the  other 
into  the  hepatic  portal  via  the  ha^morrhoidal  vein.  Dr  Warren 
points  out  that  the  condition  he  described  is  somewhat  similar 
to  that  found  in  a  teleosteau  fish,  in  which  the  mesenteric  artery 
gives  a  branch  to  the  air-bladder,  from  which  the  blood  returns 
into  the  portal  system.  He  suggests  that  the  condition  is 
explained  as  one  of  reversion. 

4.  An  Innominate  Vein. — As  is  well  known,  the  usual  plan 
of  the  pre-caval  system  of  veins  in  the  frog  is  that  of  a  right 
and  left  pre-cava,  opening  separately  into  the  sinus  venosus,  and 
draining  the  right  and  left  sides  respectively  without  apparently 
any  definite  anastomosis  across  the  middle  line.  Each  pre-cava 
is  made  up  by  the  confluence  of  three  veins — external  jugular, 
subscapulo-jugular  (usually,  though  erroneously,  named  innomi- 
nate), and  subclavian.  In  the  abnormal  specimen  now  under 
consideration,  the  arrangement  on  the  left  side  was  as  usual,  but 
on  the  right  side  the  pre-cava  was  occluded.  It  could,  on  that 
side,  be  traced  as  a  tiny  vessel  for  a  very  short  distance  beyond 
the  junction  of  the  external  jugular,  subscapulo-jugular,  and  sub- 
clavian, and  was  then  lost,  never  coming  into  relation  with  the 
sinus  venosus  at  all.  Passing  across  the  middle  line  in  front 
of  the  anterior  border  of  the  heart,  and  ventral  to  the  great 
arteries,  however,  was  a  large  vein  connecting  the  point  of  con- 

^  Anatom.  Anzeig.,  xviii.  pp.  122-3,  1900. 
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fluence  of  the  right  external  jugular,  right  subscapulo-jugular, 
and  right  subclavian  with  the  point  of  junction  of  the  corre- 
sponding veins  of  the  other  side.  By  means  of  this  vessel  the 
whole  of  the  veins  of  the  right  pre-caval  system  discharged  their 
blood-stream  into  the  left  pre-cava,  which  was  the  only  vessel 
entering  the  sinus  venosus  to  drain  both  sides  of  the  head  and 
both  anterior  limbs.  This  transverse  connecting  vessel  is  so 
similar  to  the  innominate  vein  found  in  man  and  the  higher 
mammals  (except  that  it  runs  from  right  to  left,  and  the  left 
pre-cava  is  persistent  instead  of  the  reverse,  as  in  mammals), 
that  it  may  fairly  be  called  by  the  same  name.  The  accom- 
panying figure  represents  roughly  the  arrangement  found. 


r.p.c.v. 


s.sc.v. 


sel.v. 


Fig.  4. — Innominate  vein,  hf..,  heart ;  l.p.c.v.,  left  pre-caval  vein  ;  r.p.c.v.,  re- 
mains of  the  right  pre-caval  vein  ;  scl.  v.,  subclavian  vein  ;  s.sc.j.v.,  sub- 
scapulo-jugular vein  ;  s.sc.v.,  subscapular  vein  ;  i.j.v.,  internal  jugular  vein  ; 
e.j.v.,  external  jugular  vein  ;  in.  v.,  innominate  vein,  connecting  the  conflu- 
ence of  the  veins  of  the  right  side  with  the  left  pre-caval. 

It  should  be  mentioned  that  the  abnormal  innominate  vein  in 
the  specimen  under  examination  was  somewhat  varicose,  having 
two  prominent  dilatations  upon  it.  This  suggests  that  the  blood 
did  not  find  a  very  easy  passage  through  it.  It  can  easily  be 
seen  that  this  must  have  been  the  case,  for  at  the  point  of 
junction  of  the  innominate  with  the  left  pre-cava  there  would 
be  two  currents  of  blood  passing  in  nearly  opposite  directions, 
uniting  into  a  common  channel. 

I  find  it  somewhat  difficult  to  account  for  this  abnormality. 
I  thought,  at  first,  that  it  must  be  the  result  of  disease,  which 
had  led  to  a  closure  of  an  originally  normal  right  pre-cava  and 
the  formation  of  an  alternative  blood-channel  by  dilatation  of 
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small,  but  normal,  anastomoses  of  slender  tributaries  of  the 
external  jugulars.  A  search  for  evidences  of  such  disease  failed 
to  discover  any  confirmation  of  that  view,  or  any  trace  of  past 
inflammation,  for  all  the  surrounding  organs  and  tissues  were 
quite  normal,  and  the  vein  was  not  bound  down  by  anything 
suggestive  of  adhesions.  I  can  only  conclude,  therefore,  that 
the  condition  is  congenital,  and  the  result  of  a  process  of  de- 
velopment not  ordinarily  found  in  the  frog,  similar  in  its  nature 
to  that  which  leads  to  the  formation  of  the  innominate  vein  of 
the  higher  mammals. 

In  connection  with  this  specimen,  it  seems  to  me  to  be  clear 
that  the  vein  which  is  usually  called  '  innominate '  in  the  frog 
is  wrongly  named,  for  it  has  certainly  no  relation,  nor  is  equi- 
valent in  any  way,  to  the  vein  so  named  in  man  and  mammals. 
To  retain  the  name  for  it  gives  a  false  notion  of  its  morphology. 
It  is  better  to  give  it  some  other  designation,  such  as  subscapulo- 
jugular  (from  its  two  tributaries),  as  in  the  above  description. 


A  CONTPJBUTION  TO  THE  MORPHOLOGY  OF  THE 
HUMAN"  URINOGENITAL  TRACT.  By  D.  Berry 
Hart,  M.D.,  E.R.C.P.  Edin.,  etc.,  Lecturer  on  Midwifery 
and  Diseases  of  Women,  School  of  the  Royal  Colleges,  Edin- 
burgh, etc.    (Plates  XXXV.,  XXXVI.) 

In  two  previous  communications  I  discussed  the  questions  of 
the  origin  of  the  hymen  and  vagina.  I  there  attempted  to 
show  that  the  lower  ends  of  the  Wolffian  ducts  enter  into  the 
formation  of  the  former,  and  that  the  latter  was  Miillerian  in 
origin  only  in  its  upper  two-thirds,  the  lower  third  being  formed 
by  blended  urinogenital  sinus  and  Wolffian  ducts.  In  following 
this  line  of  inquiry  more  deeply  it  resolved  itself  into  a  much 
wider  question — -viz.,  the  morphology  of  the  human  urinogenital 
tract,  and  this  has  occupied  much  of  my  spare  time  for  the  last 
five  years.  It  soon  became  evident  that  what  one  required  to 
investigate  was  really  the  early  history  and  ultimate  fate  of  the 
Wolffian  body  and  its  duct,  as  well  as  that  of  the  Miillerian 
duct,  and  this  led  one  back  to  the  fundamental  facts  of  de- 
velopment in  relation  to  bladder  and  bowel.  The  result  of  this 
investigation  will  therefore  be  considered  under  the  following 
heads : — 

I.  The  Development  of  the  Urinogenital  Organs, 
Rectum  and  External  Genitals  in  the  Human 
FcETUS  UP  to  the  end  of  the  first  Month.  The 
Development  of  the  Permanent  Kidney  is  not 
considered. 
II.  The  Condition  of  these  Organs  at  the  6th  to  7th 
Week. 

III.  The  Changes  at  the  14th  Week  and  at  the  24th. 

IV.  The  Structure   and   Origin   of   the   Adult  Human 

Vagina. 
V,  The  Genital  Tract  in  the  Marsupialia. 
VI.  The  Analogues   of  the   Human    jMale  and   Female 
Genital  Tract. 
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-    VII.  The   Eelation  of  the  Views  advanced  to  certain 
Developmental  Arrests. 
VIII.  On    the    Nature     and     Development    of    Mucous 
Membranes. 
IX.  Summary. 

I  have  to  explain  that  the  greater  part  of  the  work  was  done 
in  the  Laboratory  of  the  Eoyal  College  of  Physicians,  Edinburgh. 
Most  of  the  microscopical  specimens  and  of  the  microphoto- 
graphs  were  made  by  Mr  J.  Hume  Paterson,  and  those  of  the 
early  chick  by  Mr  Eichard  Muir.  The  incubation  of  the  chick 
embryos  was  under  the  charge  of  my  late  assistant,  Dr  Allan 
Brough,  and  was  carried  out  at  the  Laboratory  of  the  Eoyal 
College  of  Physicians.  Some  of  the  work  was  carried  out  in  my 
practical  room.  Surgeons'  Hall.  The  clinical  casts  were  made 
by  myself  on  suitable  cases  prior  to  operation.  To  the  Labora- 
tory Committee,  and  to  all  the  workers  mentioned  above,  I  have 
to  express  my  great  indebtedness. 

I  have  also  to  state  that  the  University  of  Edinburgh  gave 
me  a  most  generous  grant  from  the  Moray  Fund  towards  the 
considerable  expense  involved  in  the  work  done,  and  also  an 
additional  grant  for  the  plates  of  this  paper,  and  I  beg  to  tender 
my  hearty  thanks  for  their  munificence. 

I  must  now  finally  enumerate  the  material  used  in  this  in- 
vestigation. It  divides  itself  into  (a)  that  of  the  human  foetus, 
and  (b)  the  adult  specimens  and  foetuses  of  lower  mammals. 

(a)  1.  Human  embryos,  3  mm.  and  4  mm.  in  serial  sections. 

2.  Human  embryo,  serial  sections,  28th  day. 

3.  Pelvis  of  human  embryo,  serial  sections,  6th  and  7tb 

week. 

4.  Pelves  (central  slabs)  of  human  female  foetuses  at  14th 

and  28th  week,  serial  sections. 

5.  Male  foetuses  at  8th  week,  12th  week,  14th  week,  and 

18th  week  (central  slabs,  serial  sections). 

6.  Prostate   and  adjacent  parts  in  full-time  male  foetus 

(serial  sections). 
These  were  the  successful  specimens.     As  all  embryologists 
know  in  regard  to  early  human  foetuses,  the  tissues  are  often 
not  fresh  enough  for  exact  microscopical  work,  and  I  have  had 
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several  disappointments  in  this  way.  It  is  a  safe  plan,  there- 
fore, not  to  cut  and  stain  all  the  serial  sections  unless  the  early 
ones  show  the  tissues  to  promise  well. 

(b)  The  genital  tract  in  the  adult  rabbit,  and  especially  in  the 
rat-kangaroo,  two  specimens  :  Bennett's  kangaroo,  one  specimen  ; 
Wallaby  kangaroo,  one  specimen  ;  pelvis  of  Bennett's  kangaroo, 
one  specimen  from  Professor  Symington  of  Belfast ;  many  speci- 
mens of  early  pig  and  rabbit  embryo  were  also  cut  in  serial 
sections,  as  well  as  adult  specimens  of  mole. 

The  specimens  were  thus  numerous,  several  thousands  of 
microscopical  slides  requiring  careful  examination. 

I  also  examined  a  series  of  early  chick  embryos  prepared  by 
Mr  Eichard  j\Iuir. 

In  determining  the  scope  of  this  examination,  I  was  guided  by 
the  following  criteria.  In  endeavouring  to  settle  morphological 
questions  as  already  defined  one  should  know — 

1.  The    development   of   the   urinogenital   organs   in    the 

embryo. 

2.  The  structure  of  these  organs  as  modified  in  the  female 

adult. 

3.  The  structure  of  these  organs  as  modified  in  the  male 

adult. 

These  criteria  I  can  fulfil  with  a  fair  amount  of  detail  in  the 
human  foetus  and  adult.  In  the  other  groups  of  mammals  the 
work  is  necessarily  only  partial. 

I.  The  Development  of  the  Urinogenital  Organs,  Eectum 
AND  External  Genitals  in  the  Human  Foetus  up  to  the 

END    OF    THE    FIRST    MoNTH.       ThE    DEVELOPMENT    OF     THE 

Permanent  Kidney  is  not  considered. 

The  development  of  the  urinogenital  organs  is  intimately 
bound  up  with  the  origin  of,  and  further  changes  in,  the 
primitive  gut. 

If  we  examine  the  sections  of  the  caudal  end  of  a  four  milli- 
metre human  embryo  as  figured  by  Keibel  (fig.  1),  we  see  the 
parts  of  the  primitive  gut  known  as  the  end-gut  and  the  ento- 
dermal  cloaca.      Anteriorly  the  latter  is  l)Ounded  by  what  is 
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"known  as  the  cloacal  membrane,  reaching  from  the  body  end  of 
the  future  navel  to  the  limit  between  entodermal  cloaca  and 
end-gut.  This  boundary  has  at  first  no  mesoblast,  is  related  in 
part  to  the  primitive  streak,  i.e.,  is  developed  from  its  posterior 
■end,  and  is  probably  due  to  a  drawing  out  of  the  blastopore. 

A  few  words  may  be  added  on  this  point  so  as  to  make  the 
matter  quite  clear.  In  the  development  of  the  amphioxus  we 
have  first  a  cell  proliferation  which  leads  to  the  formation  of  a 
hollow  sphere — the  blastula  (fig.  2).  This  invaginates  and 
gives  a  double-layered  structure  (ectoderm  and  endoderm) — 
the  gastrula — with  an  aperture  of  invagination — the  blastopore 
(fig.  3).  This  gastrula  stage  is  supposed  to  hold  good  for  verte- 
brates in  general  (Haeckel  and  others). 

In  the  germinal  area  of  the  rabbit  we  get  an  axial  thickening 
■of  the  ectoderm — the  primitive  streak — which  develops  lateral 
thickenings  and  also  an  aperture  at  the  anterior  end,  the  neur- 
enteric  canal  which  forms  a  communication  between  endoderm 
and  ectoderm. 

In  the  early  human  embryo  (2  mm.),  Graf  Spec  has  found 
the  canalis  neicrentericus  which  unites  the  endoderm  of  the  um- 
bilical vesicle  with  the  ectoderm,  and  represents  the  blastopore 
of  the  gastrula  stage  (fig.  4).  Keibel  in  his  sections  of  embryo 
E  B  (caudal  end  ;  greatest  length,  3  mm,),  figures  the  cloacal 
membrane  and  remains  of  the  primitive  streak  on  it,  so  that  it 
is  probable  that  the  cloacal  membrane  represents  or  is  derived, 
in  part  at  any  rate,  from  the  posterior  end  of  the  primitive 
■streak,  along  with  a  drawing  out  and  union  of  the  edges 
of  the  blastopore  (which  in  itself  lies  in  the  anterior  part 
of  the  streak),  and  this  would  explain  the  want  of  meso- 
blast at  first.  The  cloacal  membrane  extends  up  as  far  as  the 
root  of  the  future  navel  and  back  to  the  front  of  the  future 
anus,  as  one  of  the  malformations  I  have  to  consider  later  on 
tends  to  demonstrate.  The  development  of  the  cloacal  mem- 
brane is  of  great  interest,  as  its  patency  in  the  new-born  foetus 
gives  rise  to  the  rare  condition  known  as  extroversion  of  the 
bladder,  and  explains  cases  of  split  pelvis,  split  clitoris,  etc.,  as 
I  shall  indicate  further  on  (v.  paper  following,  p.  376). 

Before  detailing  the  further  changes,  I  wish  to  remark  on 
the  unsatisfactorv  nature    of  the   nomenclature  in  relation  to 
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the  primitive  gut.  The  term  '  entodermal  cloaca '  is  apt  to  be 
confused  with  the  term  cloaca,  used  legitimately  enough  at  a 
later  stage  of  development  for  the  common  inferior  aperture 
in  the  six  weeks'  embryo  or  in  the  permanent  organs  of  the 
ornithorhynchus.  I  beg  to  suggest  that  we  might  speak  of  the 
'  end-gut '  as  the  pars  ultima  ;  of  the  '  entodermal  cloaca '  as  the 
2Mrs  penultima ;  of  the  '  cloacal  membrane '  as  the  anterior  gut 
membrane,  short  for  anterior  penultimate  gut  membrane. 

Into  the  so-called  entodermal  cloaca  the  Wolffian  ducts  open. 
These  have  their  origin  from  the  ectoderm,  as  has  been  shown 
for  the  guinea-pig  by  Graf  Spee,  and  by  Kollmann  for  the 
human  embryo. 

In  an  eight  millimetre  foetus  (sagittal  mesial  section)  further 
changes  are  shown  by  Keibel.  The  end-gut  (pars  ultima) 
(fig.  5)  is  in  course  of  disappearance,  while  from  the  lower  end 
of  the  Wolffian  duct  the  ureter  is  taking  its  origin.  The  penul- 
timate gut  (entodermal  cloaca)  now  becomes  divided  by  coronal 
(side  lateral)  folds  into  an  anterior  and  posterior  part,  the 
closure  proceeding  from  above  down  ;  the  posterior  division 
forms  the  rectum  ultimately ;  the  anterior,  part  of  the  bladder 
and  the  urinogenital  sinus  (figs.  6-9).  In  the  guinea-pig  a 
peritoneal  dip  separates  the  upper  parts  of  these  organs 
(Keibel). 

In  the  guinea-pig,  where  the  allantois  is  very  transitory,  and 
at  any  rate  where  no  entodermal  allantois  is  present  at  the  time 
the  bladder  develops,  the  urinary  viscus  arises,  according  to 
Keibel,  from  the  anterior  division  of  the  penultimate  gut.  In 
the  human  embryo  the  stalk  of  the  allantois  is  usually  described 
as  giving  origin  to  the  bladder,  but  we  must  remember  that  in 
the  human  embryo  the  allantois  is  quite  rudimentary,  and  that 
it  seems  more  exact  to  describe  the  bladder  as  also  originating 
in  the  human  embryo  from  the  front  division  of  the  penulti- 
mate gut  (entodermal  cloaca),  with  probably  only  its  upper  part 
allantoic.  The  folds  so  dividing  off  the  primitive  gut  are 
coronal,  as  Keibel's  sections  show.  He  also  points  out  that 
the  epithelial  lining  of  the  two  divisions  so  formed  is  different, 
prior  to  division,  that  of  the  future  rectum  being  more 
columnar  (figs.  6  and  7). 

This  view  of  the  origin  of   the  bladder,  which  we  owe    to 
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Eathke,  Lieberkiihn,  and  Keibel,  is  a  very  valuable  one,  and 
explains  completely  the  normal  anatomy  and  the  various  mal- 
formations connected  with  the  bladder  and  rectum.  Keibel'a 
8  mm.  section  (fig.  5)  shows  the  ureter  budding  off  from  the 
Wolffian  duct  and  developing  from  below  up,  and  it  may  be 
asked  how  the  ureter  and  the  Wolffian  duct  become  separated 
at  their  lower  ends.  They  do  so  by  the  development  of  the 
trigone  of  the  bladder,  and  thus  the  ureteric  openings  come  to 
lie  above  those  of  the  vasa  deferentia  in  the  male,  or  that  of 
the  hymen  in  the  female. 

II.  The  Condition  of  these  Organs  at  the  6th  to  7th  Week. 

For  this  stage  t  have  a  perfectly  preserved  6  to  7 
weeks'  foetus  obtained  by  extirpation  of  a  pregnant  uterus, 
which  was  also  cancerous.  Of  the  pelvis  of  this  foetus  I  have 
several  serial  transverse  sections  by  Dr  Lovell  Gulland,  while 
for  a  mesial  section  of  a  somewhat  later  date  I  take  that  pub- 
lished by  Keibel  (8th  week). 

In  the  transverse  sections  of  my  specimen,  48  in  number, 
the  following  conditions  exist: — 

1.  A  cloaca — ectodermal  cloaca — is  present  (sect.  38-44). 

2.  The  urinogenital  sinus  is  present,  and  has  the  Wolffian 

duct  openings  in  it  (sect.  31),  with  the  eminence  of 
Miiller  in  the  section  above  (sect.  30)  (figs.  11,  12  and 
13). 

3.  The  genital  cord  has  formed  (sects.  25  to  32)  with  three 

canals  in  it,  the  central  one  being  the  coalesced 
Miillerian  ducts;  the  two  lateral  ones  the  Wolffian 
ducts  (fig.  12). 

4.  The  broad  ligaments  with  Miillerian  ducts  and  ovary  are 

present  (sects.  10-23). 

5.  The  Wolffian  bodies  are  present  with  the  Wolffian  ducts 

(sects.  10-22),  and  in  a  state  of  retrogression  (fig.  15). 

6.  The    permanent    kidney  ^    is    developed    (sect.    18    and 

upwards)  (fig.  14). 

7.  The  ureter  is  present,  but  no  connection  with  the  bladder 

can  be  traced. 
^  By  a  mistake  in  my  early  paper,  this  was  lettered  as  Wolffian  body. 
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These  sections  show  well  that  the  processes  which  bring  about 
the  complete  urinogenital  sinus,  bladder,  etc.,  ;ire  due  to  develop- 
ment from  above  and  below,  as  in  sections  34-37  we  have  no 
■connection  between  urinogenital  sinus  above  and  the  part 
being  formed  from  below.  We  have  at  this  stage  a  real  cloacal 
arrangement,  the  urinogenital  sinus  and  bowel  opening  into  a 
large  undivided  space — the  cloaca.  How  has  this  arisen  ?  So 
far  as  I  know,  the  intermediate  stage  has  not  been  found  in  the 
human  embryo,  but  from  what  Eetterer  has  figured  in  the  rabbit 
embryo  (figs.  16  and  17),  we  may  have  an  epithelial  ectodermic 
plug  formed,  pyramidal  in  section,  with  its  apex  towards  the 
lower  portion  of  the  urinogenital  sinus  to  meet  the  coronal 
partition  of  the  primitive  gut,  and  by  the  breaking  down  of 
this  centrally  we  get  the  condition  of  the  6  to  7  weeks'  foetus 
produced  (fig.  18). 

We  have  now  to  consider  how  the  permanent  condition  of 
the  pelvic  organs  in  the  adult  is  brought  about.  How  is  the 
perineum  formed  ?     This  we  now  take  up. 

The  course  of  the  changes  described  here  is  known  in  part 
from  human  embryos,  aided  by  a  knowledge  of  what  takes 
place  in  the  embryos  of  lower  mammals,  and  also  by  a  con- 
sideration of  certain  rare  malformations  in  the  adult  female 
•due  to  defective  cloacal  changes.  On  this  subject  the  most  valu- 
able papers  are  by  Eathke,  Reichel,  von  Rosthorn,  Keibel, 
Tourneux,  and  Eetterer.  Eeichel  in  his  paper  describes  a 
case  of  a  patient  25  years  of  age  who  was  admitted  to  the 
Klinik  complaining  of  incontinence  of  feeces.  Prior  to  her 
marriage,  three  years  before,  her  condition  in  regard  to  this 
had  been  normal.  On  examination,  anus,  labia  minora  and 
majora  were  found  normal,  but  a  fistula  ran  between  the 
rectum  and  the  fossa  navicularis,  the  external  opening  being 
below  the  hymen.  The  perineum  was  short  and  badly  developed. 
The  fistula  was  undoubtedly  due  to  coitus.  Von  Rosthorn  and 
Caradec  relate  similar  cases.  In  von  Rosthorn's  case  the  lower 
end  of  the  fistula  admitted  two  fingers. 

Reichel  gives  a  good  account  of  the  development  bearing  on 
this  particular  point.  He  confirms  Rathke's  description  in 
1830  as  to  the  closing  of  the  cloacal  opening.  This  happens  as 
follows : — 
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From  a  mesial  skin-fold  the  genital  eminence  develops,  giving 
rise  to  clitoris  and  penis.  From  two  lateral  folds  below  it,  we 
get  the  labia  with  the  genital  furrow  between,  the  cloacal  pit 
lying  posteriorly.  Two  eminences  develop  at  the  side  of  the 
cloaca,  and  by  their  junction  in  the  middle  line,  and  union  with 
the  septum  dividing  bladder  from  rectum,  above,  we  get  the 
perineum  formed,  and  the  cloaca  with  its  hoivcl  opening  obliterated. 
In  the  cases  narrated  by  Eeichel  and  von  Eosthorn  the  cloaca 
has  remained  in  part,  but  the  bowel  opening  has  become  closed 
at  the  apex  of  the  cloacal  pit.  Marital  relations  had  caused  a. 
breaking  down  of  the  tissue  between  bowel  and  the  rest  of  the 
cloaca,  and  thus  an  incontinence  of  fseces  was  estabhshed. 

The  permanent  anus  is  not  developed  from  the  bowel  opening 
into  the  cloaca.  This  closes,  as  has  been  described,  and  the 
permanent  anus  develops  as  follows  : — 

The  development  of  the  amis  is  well  seen  at  the  stages  between 
the  second  and  third  and  a  half  month,  and  we  also  get  a  very 
clear  view  of  how  the  epidermis,  by  passing  in  deeply,  forms  a 
lumen.  The  sagittal  sections  show  the  epidermis  passing  in  as 
a  series  of  tubular  ingrowths  (fig.  19).  When  at  the  top  of  the 
anal  orifice,  the  superficial  cells  cease,  and  the  deep  cells  pass 
up  in  two  layers  to  meet  the  epithelium  of  the  Lieberklihnian 
glands.  The  anus  is  thus  formed  like  the  prepuce— viz.,  the 
epidermis,  deep  layer  and  svperficial  layers,  passes  in ;  the  super- 
ficial cells  {now  central)  desquamate,  and  thus  the  Imnen  forms. 

I  may  finally,  under  this  division,  briefly  consider  the  ques- 
tion of  the  production  of  the  cavities  or  spaces  already  alluded 
to.  I  have  mentioned  the  formation  of  the  primitive  gut,  the 
division  of  the  entodermal  cloaca  into  bladder  and  rectum,  and, 
finally,  the  formation  of  the  ectodermal  cloaca  at  the  6th 
week.     Each  of  these  shews  a  different  mechanism. 

1.  The  p)rimitive  gut  is  formed  by  the  ventral  infolding  of  the 
early  embryonic  area— i.e.,  by  head,  tail,  and  lateral  folds  con- 
verging centrally  to  the  site  of  the  future  navel. 

2.  The  bladder  with  the  urinogenital  sinus  and  the  rectum  are 
formed  by  mesoblastic  folds  tvhich  pass  partly  from  above  and 
partly  from  the  sides.  They  are  thus  partition  folds,  and  there 
is  no  central  breaking  down. 

3.  The  cloaca — ectodermal  cloaca,  it  may  be  termed — is  formed 
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in  all  probability  in  a  way  miich  used  in  the  developing  embryo, 
as  we  have  seen  in  the  development  of  the  anus,  and  shall  see 
when  we  take  up  the  development  of  the  prepuce  and  vagina. 
The  active  ectoderm  by  prohferation  forms  a  plug,  cylindrical 
or  pyramidal,  the  deeper  active  cells  forming  the  outer  surface 
except  at  the  free  base,  the  centre  of  the  plug  or  cylinder 
being  made  up  of  cells  less  active  and  tending  to  be  shed. 
Thus,  after  a  plug  has  formed,  the  centre  breaks  down,  and  a 
€avity  or  slit  forms.  This  is  cavity — or  slit — formation  by  ecto- 
dermic  action,  and  is  sharply  contrasted  with  the  method  of 
formation  of  cavities  by  splanchnopleuric  folds  where  no  break- 
ing down  happens.  As  a  broad  fact,  therefore,  the  ectoderm 
forms  orifices  or  open  slits,  by  the  breaking  down  of  a  solid 
plug ;  the  mesoderm,  cavities  or  lumina  by  partitions  (figs.  6-9 
and  10,  11,  18  and  19). 

III.  The  Changes  at  the  14th  Week  and  at  the  24th. 

The  changes  that  take  place  at  or  about  the  14th  week  are 
of  very  great  importance  and  of  the  highest  interest.  We 
undoubtedly  need  graduated  specimens  filling  up  the  stages 
between  the  8th  and  14th  week,  but  even  with  these  gaps  not 
yet  made  good,  the  changes  at  the  14th  week  are  of  a  very 
evident  and  pronounced  nature.  Thus,  on  viewing  a  mesial 
section  of  a  female  foetus  at  the  14th  week,  and  comparing  it 
with  that  at  the  7th  week,  we  see  that  the  cloacal  condition  has 
disappeared,  the  urinogenital  sinus  has  shortened,  the  hymen 
is  in  process  of  formation,  the  relations  of  urethra  and  vagina 
are  more  like  those  of  the  adult  condition,  a  permanent  anus  is 
in  course  of  formation,  and  the  prepuce  of  the  clitoris  is  being 
developed. 

The  mechanism  of  the  formation  of  the  rectum  and  bladder, 
of  their  external  openings  and  the  formation  of  the  permanent 
anus,  have  already  been  given  (pp.  334-337),  and  need  not  be 
discussed.     We  must  take  up,  however : 

1.  The  formation  of  the  preputium  clitoridis. 

2.  The  development  of  the  hymen,  and  the  changes  in  the  vagina 

and  uterus. 
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3.  The  formation  of  the  female   and   male    urethra,  and  the 
changes  in  the  urethral  orifice. 

1.  The  formation  of  the  prepiitium  clitoridis. — In  the  early- 
stages,  prior  to  the  3rd  month,  the  genital  eminence  is  covered 
by  an  unbroken  layer  of  epidermis,  and  sections  show  no  attempt 
at  preputial  formation.  If,  however,  sections  be  examined 
between  the  3rd  and  5th  months,  a  remarkable  condition  is 
found.  In  sagittal  mesial  section  (fig.  20)  one  sees  the  glans 
formed  and  bounded  by  cells  continuous  with  the  deep  layer  of 
the  epidermis.  The  preputial  aperture  has  formed,  but  is  filled 
with  a  solid  plug  of  cells,  while  between  the  glans  surface  and 
the  inner  surface  of  the  prepuce  we  have  also  a  solid  layer. 
This  is  often  represented,  but  most  erroneously,  as  a  fusion  of 
the  epithelial  surfaces  of  the  glans  and  prepuce.  In  coronal 
section  one  sees  a  remarkable  horse-shoe  arrangement,  the  out- 
line of  the  horse-shoe  being  mapped  out  by  deeply-stained  cells, 
whilst  between  these  we  have  less  deeply  stained  cells.  In 
certain  lateral  sections,  again,  we  get  an  analogous  arrange- 
ment, but  a  circular  one. 

These  appearances  shew  that  the  prepuce  is  developed  as 
follows : — At  the  apex  of  the  glans  the  epidermis  passes  in, 
following  the  glans  outline.^  The  active  epidermic  cells,  more 
deeply  stained,  rest  on  the  glans  and  the  inner  preputial  sur- 
face ;  between  these  lie  the  less  deeply-stained  cells  correspond- 
ing to  the  more  superficial  cells  of  the  epidermis.  We  see  here, 
then,  very  well  illustrated,  how  the  epidermis  forms  lumina. 
In  the  epidermis  at  this  stage  we  have  an  active  deep  layer, 
and  above  it  the  less  active  cells  with  a  tendency  to  desquamate. 
When  the  epidermis  has  passed  in  as  described,  the  central  cells 
in  the  horse-shoe  arrangement,  for  instance,  desquamate,  and 
we  then  get  the  movable  prepuce  in  the  child.  The  prepuce  is 
thus  formed  by  the  epidermis  parsing  in  round  the  glacis,  with  its 
active  cells  deep,  its  less  active  and  desquamating  ones  central ;  the 
desquamation  of  the  latter  makes  the  mobile  prepuce. 

It  is  usually  said  that  the  prepuce  grows  forwards  from  the 
glans  root,  that  the  inner  surface  adheres  to  the  glans  and  then 

^  I  have  sections  to  show  that  the  glans  is  formed  first  in  the  male,  at  any 
rate. 
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breaks  down.  This  is  quite  an  erroneous  description,  and  leads 
to  serious  pathological  errors  in  surgery.  Adherent  prepuce  is 
not  an  adhesion  really,  but  a  hindered  central  desquamation. 

In  one  specimen  I  found  the  cells  passed  in  not  yet  des- 
quamated ;  but  it  was  interesting  to  note  that  the  central  cells 
were  Hatter  than  the  others.  The  glans  clitoridis  is  imperforate 
in  the  human  female. 

2.  The  development  of  the  hymen  and  the  changes  in  the 
vagina  and  uterus. — We  now  take  up  one  of  the  most  interest- 
ing points  in  this  investigation,  as  the  results  under  this  heading 
are  opposed  to  current  views,  and  appear  to  me  to  clear  up 
several  hitherto  obscure  points. 

These  changes  occur  at  the  14th  week,  and  have  hitherto  been 
described  as  a  metamorphosis  of  the  lining  of  the  part  of  the 
Milllerian  ducts  forming  the  Anlage  of  the  vagina.  The  lower 
end  of  the  fused  ducts,  especially,  is  said  to  become  distended, 
owing  to  epithelial  proliferation.  This  proliferation  causes  per- 
foration into  the  urinogenital  sinus,  thus  forming  the  hymen. 

Klein  says :  "  Der  Hymen  ist  jener  Theil  des  Beckenbodens 
welcher  durch  den  spiitestens  im  Anfang  des  drittens  Monats 
erfolgenden  Durchbruch  des  Milllerschen  Ganges  und  durch  die 
vom  drjtten  bis  fiinften  fotal  Monat  erfolgenden  ampulliire 
Erweiterung  des  Endtheiles  der  Vagina  abgegrenzt  und  verdiinnt 
wurde."  Nagel's  (p.  100)  description  is  as  follows :  "  Bel 
Embryonen  aus  dem  8  Monat  beginnt  eine  Vermehrung  und 
Anhitufung  der  oberen  Schichten  des  Epithels,  welche  zuerst  dicht 
oberhalb  des  Orificium  vaginae  auftritt,  wodurch  die  Vagina  an 
dieser  Stelle  (bei  Embryonen  von  7-10  cm.  Rurapflange)  eine 
bauchige  Erweiterung  erfiihrt.  Durch  diese  Erweiterung  ensteht 
der  Hymen." 

Tourneux  and  Legay  state :  "  Au  commencement  du  4"  mois 
lunaire,  chez  le  foetus  humain  (7"5-10'5)  la  portion  inferieure  ou 
vaginale  du  canal  genital  (moitie  environ)  est  tapissee  par  un 
epithelium  pavementeux  stratifie  qui  se  continue  par  uue  tran- 
sition graduelle  avec  I'epithelium  de  la  portion  superieure  ou 
uterine." 

In  a  very  well-preserved  female  fcetus  of  the  third  and  a  half 
month  which  I  examined  by  serial  sections,  using  the  Paraffin 
method  and  staining  with  Logwood  and  Eosin,  I  found  a  series 
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of  conditions  which  threw  quite  a  novel  h'glit  ou  the  development 
of  the  hjanen.  I  found  that  at  the  site  of  the  hymen  two 
epithelial  bulhs  developed.  These  measured,  in  the  specimen 
shown  at  fig.  21,  -3  mm.  x  '2  mm.  ;  as  they  near  the  middle  line 
they  are  larger,  and  they  measure  as  much  as  -5  mm.  x  -4  mm. — • 
i.e.,  may  be  double  the  former  size.  They  He,  in  the  main, 
lateral  to  one  another,  are  composed  of  epithelial  cells  exactly 
like  those  of  the  adult  vagina,  and  have  their  structure  and 
relations  well  shewn  in  fig.  21.  The  origin  of  these  bulbs  of 
epithelium  had  now  to  be  settled,  and,  on  examining  the  sections 
carefully,  I  at  last  came  on  the  Wolffian  duct  ending  in  the 
smaller  one  (fig.  21).  This  enabled  me  to  clear  up  the  matter, 
as  evidently  these  bulbs,  which  I  now  term  the  '  Wolffian  bulbs,' 
are  derived  from  the  Wolffian  ducts,  and  as  these,  according  to 
all  recent  embryological  work,  are  derived  from  the  ectoderm ; 
this  layer  is  the  source  of  the  epithelium  of  the  bulbs.  The  sec- 
tions of  this  foetus  further  shewed  that  the  epithelial  cells 
of  these  proliferated  into  the  Miillerian  vagina,  mapped  out  the 
fornices  and  passed  into  the  lower  third  of  the  cervical  canal, 
blocking  these  up  and  rendering  them  solid  for  a  time,  as 
Tourneux  and  Legay  have  well  figured. 

The  central  cells,  which,  both  in  the  Wolffian  bulbs  and  in  the 
Miillerian  vagina,  are  the  more  advanced,  soon  begin  to  des- 
quamate, and  in  this  way  a  central  lumen  forms.  The  view 
advanced,  however,  by  such  able  observers  as  jSTagel,  Klein,  and 
Tourneux  and  Legay,  requires  careful  consideration.  Their  view 
is  that  the  vaginal  epithelium  is  the  result  of  a  transformation 
of  the  original  Miillerian  lining,  while  I  urge  that  we  have  an 
actual  eruption  of  cells  from  the  Wolffian  bulbs  into  the 
Miillerian  vagina :  that  indeed  the  mechanism  is  like  what 
I  have  described  in  the  development  of  the  prepuce  and  anus. 
I  would  urge  that  the  mere  transformation  of  cells  w^ould  not 
necessarily  involve  the  coalescence  that  renders  the  vagina  and 
its  fornices  at  first  solid,  while  the  explanation  I  have  given 
does. 

In  order,  however,  to  establish  the  opening  of  the  hymen,  an 
active  involution  of  epithelial  cells  in  the  urinogenital  sinus  takes 
place,  and  thus  by  the  distending  bulbs  above,  and  the  epithelial 
involution  from    below,  the  entrance  of   the  vagina — i.e.,  the 
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hymeneal  orifice — is  formed.  Thus  the  hymen  is  formed  ly  a 
special  lulhous  development  of  the  loiver  ends  of  the  two  Wolffian 
ducts  aided  hy  an  epithelial  involution  from  heloiv  of  the  cells  lin'my 
the  urinogeniial  sinus  (fig.  20). 

Tlie  hymen  bilamellatus  described  by  Schaeffer  at  the  fifth 
month  is  probably  due  to  the  persistence  of  the  upper  and  lower 
margins  or  edges  of  the  bulbs,  and  disappears  in  the  more 
advanced  foetus.  Schaeffer's  statement  is:  "  Jeder  Hymen 
wird  mehr  oder  weniger  deuthch  im  5  Monate  als  bilamellatus 
angelegt."  I  have  not,  however,  as  yet  had  an  opportunity  of 
examining  this  transitional  form. 

The  whole  of  the  developmental  changes  might  be  summed  up 
now  as  follows  :  Formation  of  primitive  gut,  seen  in  embryos  of 
20th-23rd  day  (fig.  1);  division  of  primitive  gut  into  bladder 
(with  urinogenital  sinus)  and  rectum,  and  withering  of  end-gut 
about  20th-30th  day  (fig.  5);  communication  of  bladder  and 
rectum  with  exterior  (formation  of  cloaca)  by  breaking  down  of 
hypothetical  plug  (in  human  species)  before  sixth  week  (figs.  16, 
17,  18);  closure  of  cloaca  by  Eeichel's  Analhocker  and  for- 
mation of  perineum,  7th-Sth  week:  urinogenital  sinus  with 
Milllerian  ducts  related  to  it  and  Wolffian  ducts  opening  into 
it,  no  anus,  at  8th-9th  week;  hymen  formed,  anus  formed, 
preputium  clitoridis  in  course  of  formation,  Milllerian  vagina 
being  relined,  and  uterus  now  single ;  3rd  to  4th  month 
(figs°20,  21). 

These  periods  are  only  approximate.  An  excellent  table  is 
given  by  Wendeler,  and  Nagel's  papers  should  be  consulted  for 
his  views  as  to  the  formation  of  the  perineum. 

IV.  The  Structure  and  Origin  of  the  Adult  Vagina. 

So  far  as  the  structure  of  tlie  vagina  in  the  adult  is  concerned, 
I  wish  to  direct  attention  only  to  two  points — viz., 

(a)  The  relations  of  the  normal  hymen. 

(h)   The    naked-eye   arrangement    of    the    vaginal    rugcc   and 
columns. 

I  shall  then  discuss  the  Anlage,  or  fundamental  origin  of  the 
vagina. 
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(a)  The  relations  of  the  normal  hyynen. — If  a  normally- 
developed  virgo  intacta  be  examined  carefully  while  under 
chloroform  and  in  the  lithotomy  posture,  as  one  has  often 
an  opportunity  of  doing  in  operative  cases — e.g.,  in  dilatation 
for  dysmenorrhoea — and  if  care  be  taken  not  to  disturb  the 
parts  unduly,  it  can  be  easily  noted  that  the  so-called  hymeneal 
entrance  is  a  vertical  slit,  and  that  the  edges  of  the  slit  are  in 
contact  (Cullingworth),  This  can  Ije  well  seen  in  the  sections 
of  the  four-months'  foetus,  where  we  can  observe  the  vertical  slit 
in  tlie  centre  of  the  epithelial  proliferation  of  the  hymen 
(fig.  22). 

How  this  arises  is  easily  understood  when  we  consider  what 
has  been  already  stated  as  to  the  development  of  the  hymen. 
The  vertical  sht  is  due  to  the  coalescence  and  central  breaking 
down  of  the  laterally  placed  Wolffian  bulbs,  and  the  so-called 
crescentic  hymen  as  well  as  the  oval  form  are  made  by  the 
examining  fingers  separating  the  vertical  edges. 

(&)  The  naked-eye  arrangement  of  the  vaginal  rugm  and  columns. 
— On  examining  the  vagina  in  adults,  preferably  in  a  multi- 
parous  married  woman,  one  notices  a  distinct  difference  in  the 
upper  and  lower  straits.  The  lowest  inch  of  the  vagina  is 
narrowed  and  has  rugcC  or  columns,  in  the  main  running  longi- 
tudinally. Above  this  the  vagina  is  transversely  wider  and  has 
its  rugcC  transverse.  This  difference  to  the  naked  eye  is  very 
striking,  and  has  not  hitherto  been  sufficiently  noted.  The 
anterior  and  posterior  columns  I  consider  not  as  septal  remains 
of  the  Miillerian  portion  of  the  vagina,  but  as  the  remains  of 
the  original  partition  between  the  Wolffian  bulbs. 

AVhile,  then,  the  hymen  is  derived  from  the  Wolffian  bulbs,  as 
I  have  indicated,  it  may  be  asked  what  evidence  there  is  as 
to  the  extent  of  the  participation  in  vaginal  formation  of  the 
urinogenital  sinus.  As  we  have  already  seen,  the  Miillerian 
ducts  in  the  early  foetus  end  in  the  eminence  of  Milller ;  the 
Wolffian  ducts  open  below  them.  It  follows,  therefore,  from 
what  has  gone  before,  that  the  upper  portion  of  the  urinogenital 
sinus  enters  into  the  formation  of  the  vagina,  and  that  the  lower 
end  of  the  vagina  is  due  to  a  blending  of  Wolffian  ducts  and 
urinogenital  sinus.  This  lower  portion  measures,  in  the  adult, 
about  an  inch.     I  base  this  estimate  on  the  different  naked-eye 
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structure  of  this  part  of  the  Vcagina,  what  may  be  termed  its 
columnar  portion,  and  on  the  fact  that  in  certain  rare  forms  of 
atresia  classed  with  atresia  hymenalis,  a  transverse  septum  is 
found  an  inch  from  the  actual  hymen  (v.  also  p.  365). 

In  the  two-months'  foetus  the  urinogenital  sinus  is  relatively 
long,  has  the  Wolfiian  ducts  at  its  upper  part,  and  the  bulbs 
developing  from  them  block  it  therefore,  and  probably  block  the 
lower  portion  of  the  urethra  too.  The  involution  from  below 
perforates  both  obstructions,  and  this  view  explains,  I  believe, 
the  apparent  urethial  hymen  seen  so  often.  The  urinogenital 
sinus  of  the!  early  foetus  is  therefore  represented  in  the  adult 
by  the  vestibule,  lower  portion  of  the  urethra,  and  lower  third 
of  vagina. 

In  the  adult  iiumau  vagina  the  Anlage  is  therefore  as  fol- 
lows : — 

(1)  The  upper  two-thirds  of  the  vagina  are  derived  from  the 

ducts  of  Midler. 

(2)  The  lower  third  is  due  to  the  coalescence  of  the  upper 

portion  of  the  urinogenital  sinus,  and  the  lower  ends  of 
the  Wolfiian  ducts. 

(3)  The  epithelial  lining  of  the  vagina  is  derived  from  the 

Wolfiian  bulbs,  which  again  are  epithelial  proliferations 
of  the  lower  ends  of  the  Wolffian  ducts.  The  vaginal 
mucous  membrane  is  thus  epiblastic. 

The  outline  of  the  human  vagina  from  a  developmental  point 
of  view  is  indicated  in  fig.  23. 

The  Relation  of  the  Origin  of  the  Vagina  to  its  Lymjjhatic 

8iLpj)ly. 

I  take  this  part  as  it  affords  a  very  interesting  comment  on 
the  view  I  have  advanced. 

As  is  well  known,  the  lymphatics  of  the  external  genitals  and 
lower  third  of  the  vagina  and  urethra  pour  into  the  inguinal 
glands — i.e.,  these  receive  the  lymphatics  of  the  genital  tract 
whose  Anlage  is  the  urinogenital  sinus,  while  the  lymphatics  of 
the  upper  two-thirds  or  Miillerian  portion  of  the  vagina  join 
with  those  of  the  cervix  uteri  to  enter  the  hypogastric  glands. 

How  far   the  vascular  and  nervous  supply  of   the  pelvis  is 
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moulded  on  this  central  fact  I  have  not  yet  had  time  to  deter- 
mine exactly,  but  it  might  be  considered  in  the  case  of  some  of  the 
lower  animals  first— c.r/.,  in  the  dog.  I  may  point  out,  however, 
that  the  pudic  artery  and  nerve  supply  the  lower  end  of  the 
genital  tract  and  external  genitals,  but  the  exact  upper  boundary 
of  this  supply  I  have  not  had  time  to  look  into.  It  is  probable, 
however,  that  the  urinogenital  and  rectal  tract  may  be  divided 
into  two  great  parts,  an  upper  and  lower.  The  latter  comprises 
external  genitals,  lower  end  of  urethra,  lower  third  of  vagina 
and  anus:  the  former,  the  rest  of  urethra,  the  bladder,  upper 
two-thirds  of  vagina,  uterus  and  tube,  and  rectum.  Herman 
records  a  remarkable  case  where  from  nerve  or  vascular 
influence  this  lower  part  alone  seems  to  have  sloughed.  Von 
Lingen  has  also  drawn  attention  to  a  number  of  cases  where  a 
cast  of  the  upper  part  of  the  vagina  and  vaginal  portions  of  the 
cervix,  comprising  mucous  membrane,  submucous  and  some 
muscular  fibre,  has  sloughed  off.  He  points  out  that  this  part 
is  supplied  by  the  cervico-vaginal  branch  of  the  uterine  artery^ 
and  one  supposes  that  thrombosis  of  this  branch  must  have 
occurred.  Tliese  pathological  cases  form  an  interesting  comr 
ment  on  the  view  I  have  given. 

3.  The  formation  of  the  female  and  male  urethra  and  the  chcv7ujes 
at  the  urethral  orifice. — In  the  female  the  urethra  is  developed 
from  the  lower  end  of  the  anterior  division  of  the  primitive  gut. 
It  is  possible,  as  I  have  already  suggested,  that  during  the  for- 
mation of  the  hymen  the  urinogenital  sinus  becomes  blocked, 
and  the  urethra  at  its  lower  end  perforated  from  below  again 
{v.  p.  344). 

The  male  urethra  is  formed  from  the  primitive  gut  in  the 
same  way  down  as  far  as  the  colliculis  seminal  is,  the  hy- 
meneal analogue.  Below  this,  where  the  adult  female  is,  as 
it  were,  hypospadic,  the  male  urethra  is  closed.  As,  however, 
this  same  hypospadias  exists  in  the  embryo  in  both  sexes,  the 
question  arises  as  to  how  the  male  urethra  becomes  ultimately 
closed  on  its  inferior  aspect.  The  usual  statement  is  that  the 
parts  analogous  to  the  labia  minora  in  the  female  unite  by  their 
edges  and  thus  close  in  the  canal.  Of  this  method  of  closure 
there  is  only  a  fair  amount  of  proof,  and  it  does  not  explain  how 
the  male  glans  becomes  perforated. 
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Three  of  my  specimens  were  available  for  studying  this  ques- 
tion. The  first  was  a  male  foetus  between  the  second  and  third 
months  ;  the  second,  a  male  at  the  third  and  a  half  month  ;  and 
the  third,  one  at  the  fourth  month. 

In  the  first  and  second  the  closure  was  going  on,  but  there 
was  no  perforation  of  the  glans  ;  in  the  third  the  perforation  of 
the  glans  was  going  on  (tigs.  24,  25,  and  2G).  In  regard  to  the 
closure  of  the  inferior  aspect  of  the  spongy  portion  of  the 
urethra,  it  can  be  noted  that  the  greater  part  of  the  posterior 
closure  was  due  to  a  gradual  growth  forwards  of  epidermis  and 
deeper  tissue  towards  the  frtenum,  and  probably  forming  a  solid 
closure.  Behind  the  frsenum  the  deep  and  superficial  layers  of 
the  epidermis  passed  in  and  back,  the  superficial  cells  being 
central  and  tunnelling  back  to  meet  the  higher  part  of  the 
urethra.  These  appearances  are  illustrated  by  figs.  24,  25,  and 
26.  The  posterior  part  of  the  urethra  thus  seemed  to  be  closed 
as  usually  described,  but  certainly  tunnelling  goes  on  from  before 
backwards,  the  active  epidermis  passing  in  and  back,  and  by 
central  desquamation  forming  a  lumen.  The  changes  closing  in 
the  posterior  part  are  more  difficult  to  follow,  but  those  in  front 
are  certain. 

Sections  at  the  fourth  and  a  half  month  show  the  prepuce  in 
course  of  formation,  as  I  have  already  described.  There  is, 
however,  a  remarkable  condition  to  be  noted  at  the  apex  of  the 
glans,  where  the  epidermis  passes  in  as  a  solid  plug  to  cause 
perforation  of  the  glans  there  and  tu  meet  the  canal  behind 
(fig.  20). 

Thus,  in  the  male  urethra  the  canal  is  formed  down  to  the 
perineum  by  the  urinogenital  sinus  :  below  this  we  get  the  canal 
completed  by  a  gradual  and  apparently  solid  closure  of  the  ridges 
from  behind  forwards.  Immediately  posterior  to  the  freeimm 
the  epidermis  passes  in  and  back,  making  a  lumen,  as  already 
described ;  finally,  the  glans  is  perforated  by  an  epidermal  plug, 
and  thus  the  continuous  canal  formed. 

Further  observation  is,  however,  needed  on  these  points,  which 
are  subsidiary  to  the  present  inquiry. 
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V.  The  Genital  Tract  in  the  Marsupialia. 

I  have  examined  the  genital  tract  in  seven  specimens.  Two 
of  these  were  what  is  termed  the  Eat  Kangaroo  {Hypsiprymnus)^ 
two  were  "Wallaby  kangaroos,  and  three  were  specimens  of 
Bennett's  kangaroo  {Macropiis  Benneti).  I  am  indebted  to  the 
Marquis  of  Bute  for  the  Wallaby  kangaroos,  to  Professor 
Symington  for  the  pelvis  of  one  of  the  Bennett's  kangaroos,  and 
to  Professor  Kelly  of  Baltimore  for  one  of  the  opossum.  The 
rat  kangaroos  were  obtained  alive,  and  I  was  thus  enabled  to  get 
the  genital  tract  fresh  and  in  good  condition  for  microscopical 
examination.  In  one  I  therefore  had  serial  sections  made  of  the 
whole  genital  tract,  so  that  the  complicated  structures  might  be 
traced  accurately.  This  involved  the  preparation  of  about  two 
thousand  slides  on  this  question  alone.  The  other  specimens 
were  examined  for  their  naked-eye  relations,  and  drawings  made. 

I  purpose,  therefore,  under  this  heading  to  consider — 

1.  The  naked-eye.  anatomy  of  the  Kangaroo  genital  tract. 

2.  The  microscopical  serial  sectional  anatomy  of  the  genital  tract 

in  the  Hat  Kangaroo. 

1.  The  naked-eye  anatomy  of  the  Kangaroo  genital  tract. — 
In  the  Marsupials  we  have  a  very  remarkable  arrangement 
in  the  vaginal  portion  of  the  genital  tract.  The  uterus  is 
bicornuous,  and  each  horn  has  its  lower  opening  or  os  uteri. 
The  vagina  has  two  lateral  canals,  which  may  arch  and  meet 
above,  this  portion  lying  between  bladder  and  uterus  like  a 
second  bladder.  Below,  these  so-called  lateral  canals  open  into 
the  urinogenital  sinus.  In  addition,  a  median  portion  is  present, 
and  this  communicates  above  with  the  lateral  canals,  while  below 
it  may  end  as  a  cid-de-sae,  or  in  some  species  open  into  the 
urinogenital  sinus.  In  the  central  portion,  Ihe  double  os  uteri 
opens.  Lister  and  Fletcher  discuss  the  condition  of  the  median 
portion  in  the  Alacropodidae  carefully,  and  give  a  table  of  the 
various  species,  and  the  arrangements  in  each  as  to  this  point. 
Some  allege  that  the  opening  is  not  present  in  the  same  animal 
in  its  early  life.  Figs.  27,  28,  and  29  give  the  variations,  so 
far  as  known,  in  the  diftereut  species  of  marsupials.  These 
authors  also  figure  the  relations  of  the  Wolthau  ducts  and  ducts 
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of  Milller  in  an  embryo  of  Macropus  rufas,  and  remark  that  the 
arrang-ement  of  the  Miillerian  ducts  is  tlie  same  as  in  the  adult 
opossum. 

In  my  own  specimens  (fig.  27)  the  naked-eye  arrangement  of 
the  organs  in  one  of  the  rat  kangaroos  (^Hypsiprymnus)  is 
shown.     The  following  are  the  measurements  : — 

Length  of  genital  tract  from  ovary  to  lower  end  of  bowel, 

7  cm. 
Length  of  cornua,  7  mm. 
Diameter  of  central  canal,  5  mm. 
Diameter  of  lateral  canal,  3'5  mm. 

In  the  opossum  {Didelj^hys  dorsigera)  we  have  a  double  uterus,, 
two  lateral  canals,  a  lower  unpaired  portion  into  which  the 
former  opens,  then  the  urinogenital  sinus. 

In  Macropus,  figured  by  Owen,  we  have  two  lateral  canals  : 
a  central  blind  pouch,  with  double  cornua  and  ovaries. 

A  very  important  point  is  the  relation  of  the  ureters.  These 
pass  inside  the  lateral  canals,  and  lie  outside  the  median  pouch 
when  this  is  present  (fig.  29).  In  the  opossum  {Didclphys  dorsi- 
gera), the  central  portion  of  the  tract  is  not  well  marked,  and 
may  be  only  represented  by  the  upper  part  of  the  lateral  canals 
where  the  os  uteri  of  each  side  opens,  or  by  the  lower  mesial 
portion  above  the  urinogenital  sinus.  In  this  opossum  the 
ureters  lie  to  the  inside  of  the  lateral  canals. 

The  opinions  liitherto  expressed  on  these  rem.arkable  struc- 
tures making  up  the  vaginal  segment  of  the  genital  tract  in 
marsupials  have  all  been  to  the  effect  that  the  lateral  canals  as 
well  as  the  central  part  are  Miillerian. 

Tourneu.x  and  Legay  say :  "  Chex  les  marsupiaux,  la  non 
fusion  des  conduits  de  Milller  {.DidelpJiys  dovHigera)  est  la  con- 
seijuence  d'une  disposition  speciale  des  ureteres,  qui,  an  lieu 
d'embrasser  dans  leur  courbure  le  cordon  genital  s'engagent 
dans  I'epaisseur  meme  de  ce  cordon,  entre  les  conduits  de 
Mtiller  qu'ils  separent"  {op.  cit.,  p.  376). 

Urass  says:  "  Wir  ....  von  einer  dreifachcn  Vagina 
sprechen  konnen  "  (]).  oG). 

The  conclusion  I  have  come  to  in  regard  to  the  morphology 
of  the  vaginal  tract  in  the  marsupials  is  that  the  lateral  canals 
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represent  the  Wolffian  ducts,  and  that  the  mesial  cul-de-sac  is 
Milllerian.     The  evidence  for  this  is  as  follows : — 

' Naked  eye. — That  the  central  portion  is  Mlillerian  is  quite 
evident.  It  has  the  os  uteri  of  each  horn  at  its  upper  part;. 
Owen  further  figures  the  remains  of  a  septum  in  the  mesial 
portion.  The  lateral  canals  occupy  the  position  of  the  per- 
sistent Wolffian  ducts,  have  the  ureter  on  their  inner  aspect, 
and  open  below  into  the  urinogenital  sinus. 

The  permanent  arrangement  in  the  marsupials  is  what  we 
find  in  the  hnman  embryo  at  or  about  the  sixth  to  seventh 
week  of  intrauterine  life.  AVe  have,  therefore,  in  the  marsupials 
the  primitive  developmental  condition  of  the  urinogenital 
ducts  remaining,  instead  of  coalescing,  as  in  the  higher 
mammals ;  the  Milllerian  element  may  be  less  evident,  as  in 
the  opossum,  or  both  elements  may  be  well  represented,  as  in 
the  Macropodidse. 

As  to  tlie  function  of  the  lateral  canals,  it  has  been  ascer- 
tained that  the  seminal  fluid  is  transmitted  by  them,  and  that 
the  foetus  in  certain  cases  passes  along  them  (Hill).  According 
to  some  authors  the  foetus  passes  by  the  central  portion  even 
when  this  does  not  open  into  the  urinogenital  sinus,  and  Hill 
records  a  case  where  the  foetus  did  not  pass  by  the  lateral  canals 
but  into  the  connective  tissue  between  them,  the  central  pouch 
being  absent. 

Muroscopical. — The  microscopical  structure  varies  in  the  case 
of  the  central  and  lateral  canals,  the  former  being  lined  with  a 
single  layer  of  columnar  epithelium,  like  that  of  the  human 
cervix  nteri,  while  the  latter  are  lined  with  many  layers  of 
squamous  epithelium.  This,  however,  is  considered  more  fully 
presently. 

An  important  point  is  the  relation  of  the  nreter  to  the  vagina 
in  the  adult  female  mamn^al,  as  well  as  that  of  the  ureter  to  the 
urinogenital  ducts  in  the  mnmmalian  foetus.  With  the  present 
tendency  of  biological  thought  one  would  e.xpcct  these  relations 
to  be  on  a  common  plan.  In  the  kangaroo  adult  the  ureters 
pass  inside  the  lateral  canal  and  outside  the  central  vaginal 
canal  before  entering  the  bladder.  Their  relations  are  well  seen 
at  fig.  27.  There  one  can  note  the  ureters  passing  down  from 
the  kidney  to  run  behind  the  coi'nua,  and,  at  a  lower  level,  tO' 
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penetrate  the  bladder  wall  after  passing  inside  the  lateral 
canals  ;  the  central  vaginal  canal  lies  between  them. 

Lister  and  Fletcher  figure  a  diagram  of  an  early  foetus  of 
Macropus  rufus,  and  state  that  the  ureters  pass  outside  both 
Miillerian  and  Wolffian  dusts,  an  arrangement,  they  say,  like 
that  of  the  adult  didelphys.  There  must  be  some  error  here,  as 
whatever  view  one  takes  of  the  origin  of  the  vaginal  canals  in  the 
opossum,  the  ureters  pass  to  the  inner  side  of  the  lateral  canals. 

The  question  of  these  relations  has  now  to  be  raised  in  regard 
to  the  human  fretus.  Here  we  get  opinions  at  variance  with 
what  I  find  in  the  specimens  I  have  examined,  Nagel  says : 
"  The  ureters  lie  to  the  outside  of  the  Wolffian  ducts  "  (in  foetus 
of  8  mm.). 

In  an  embryo  figured  by  Keibel  from  His'  collection  (embryo 
L.O.  25  mm.,  female,  8i-9  weeks),  Keibel  states  that  the  ureters 
lie  lateral,  the  Wolffian  and  Miillerian  ducts  mesial.  A  section 
of  this  is  figured,  and  also  serial  sections  to  illustrate  the  rela- 
tion (figs.  90-100,  Keibel).  An  examination  of  these  (Keibel, 
pp.  100  and  103)  seems  to  me  to  bear  a  different  interpretation. 
Fortunately  the  foetus  of  which  I  figure  transverse  sections  is 
about  the  same  age  and  size  as  L.O.,  and  is  practically  the  same 
in  structure. 

From  the  study  of  these  and  a  third  specimen,  which  I  owe 
to  the  kindness  of  Mr  Stiles,  the  following  seems  to  me  a  more 
correct  view. 

(1 )  At  the  genital  cord,  where  in  the  human  foetvis  the  Wolffian 
ducts  are  placed  together,  with  the  blended  and  therefore  now 
single  Miillerian  ducts  between,  tve  get  the  ureters  lateral.  One 
cannot  compare  the  foetus  at  this  level  with  the  adult  kangaroo 
type,  as  the  canals  are  too  approximated. 

(2)  Higher  up  in  the  foetus  we  get  the  following  relations — 
viz.,  to  the  outside,  the  Wolffian  duct ;  somewhat  internal  to  this 
the  Miillerian  duct,  and  much  further  towards  the  middle  line 
the  ureters  {v.  fig.  90  of  Keibel.)  As  one  passes  down  the 
sections  the  Wolffian  and  Miillerian  ducts  lie  closer  together, 
and  the  ureters  are  thrown  to  the  outside.  The  bladder  is  high, 
however,  in  the  kangaroo — i.e.,  lies  in  front  of  the  cornua  ;  in 
the  human  female  it  is  deeper  ;  the  ureters,  therefore,  enter 
the  kangaroo  bladder  higher  up. 
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This  is  nifinifestly  the  level  (v.  sheet  and  fig.  90,  Keibel)  one 
must  compare  with  the  kangaroo  and  human  fretal  tracts,  as 
here  the  ducts  are  separated  and  not  approximated. 

We  have  thus  at  a  certain  stage  of  the  development  of  the  liuman 
fait'us,  and  at  a  certain  level  of  the  foetus,  an  arrangement  of  the 
ureters  and  urino^enital  ducts  analogous  to  what  one  would 
expect  in  the  kangaroo  if  the  lateral  vaginal  canals  be  really 
Wolffian  and  the  central  Mtillerian. 

This  question,  however,  requires  further  working  out. 

2.  IVie  microscopical  sei'icd  sectional  anatomy  of  the  genitcd  tract 
in  the  Rat  Kangaroo. — The  structure  and  relations  of  the  parts 
were  very  well  brought  out  in  one  of  the  specimens  by  means 
of  serial  sections  of  the  entire  tract.  These  were  cut  with  the 
Cambridge  rocking  microtome  and  stained  in  the  usual  manner 
with  logwood  and  eosin.  The  organs  examined  were  the  ovary, 
tube,  cornu,  lateral  canals,  central  portion  of  vagina,  urethra, 
bladder,  ureter  and  intervening  tissue,  the  rectum  and  anal 
glands. 

The  Ovary. — This  measured  5  mm.,  and  was  set  in  the 
pavilion  of  the  tube  like  an  egg  in  a  cup.  Its  connective  tissue 
was  continuous  with  that  of  an  attached  fimbria. 

The  following  structures  make  up  the  ovary,  and  need  no 
comment.  Tlie  germ  epitiielium  is  well  marked  over  the  outer 
surface,  except  where  the  tube  was  attached.  Graafian  follicles 
were  present  in  abundance,  and  with  the  ordinary  mammalian 
constituents  of  tunicse  fibrosa  et  propria,  menibrana  granulosa, 
with  yelk  and  ovum.  One  peculiar  feature  in  the  ovary  was  at 
the  hilum,  where,  amid  a  group  of  endotheliomatous  cells,  a 
canalicular  system  lined  with  epithelial  cells  was  present  where 
the  tube  grasped  the  ovary  (fig.  35).  Careful  study  of  the  serial 
sections  seemed  to  me  to  show  that  this  was  continuous  with 
the  epoophoron,  and  was  thus  the  paroophoron. 

The  ovary  in  this  animal  thus  varies  from  the  human  ovum 
in  two  remarkable  points — viz., 

1.  The  paroophoron  ends  in  the  centre  of  the    ovary   near 

the  iiilum. 

2.  The  ovary    is  inserted  in  part  into  the    pavilion    of   the 

tube,  like  an  egg  in  a  cup. 
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It  is  interesting,  therefore,  to  note  that  the  early  indifferent 
sexual  gland  liad  become  an  ovary,  but  had  retained  a  large  part 
of  what  would  become  the  vas  deferens  in  a  male  specimen. 

The  fahe  calls  for  little  remark,  as  it  resembles  in  many 
points  that  of  the  human  tuba  Fallopii.  It  has  a  mucous 
membrane  consisting  of  columnar  epithelium  on  a  basis  of  con- 
nective tissue  and  thrown  into  folds,  especially  in  its  outer  part. 
Circular  and  longitudinal  unstriped  muscular  fibres  form  the 
wall,  which  is  covered  externally  with  peritoneum.  The  cornu 
has  a  very  well-formed  and  thick  mucous  membrane  with  many 
glands  (fig.  30).  The  interglandular  connective  tissue  consists  of 
a  homogeneous  basis  ami  connective  tissue  corpuscles.  The  epi- 
thelium lining  the  glands  is  well  formed  and  columnar,  with 
large  nuclei  and  nucleoli.  In  tlie  lower  part  or  cervix  the 
epithelium  is  columnar  and  narrow  like  the  cervical  epithelium 
of  the  human  uterus.  The  muscular  wall  is  thinner  than  that 
of  the  mucous  membrane,  and  has  longitudinal  (outer)  and 
circular  muscular  fibres,  with  some  interlacing  ones.  The  inter- 
glandular connective  tissue  passes  into  the  wall,  and  thus 
vessels  enter  the  mucous  membrane  from  it.  Near  the  tube 
and  ovary  the  epoophoron  is  seen  well  developed,  and  consists 
on  section  of  many  tubules  lined  with  epithelium  of  a  columnar 
but  somewhat  flattened  type. 

The  central  vaginal  portion  is  lined  with  narrow  columnar 
epithelium  like  that  of  the  cervix,  while  that  of  tlic  lateral 
canals  is  squamous  and  many-layered.  This  is  well  seen  on  T.S, 
(fig.  31),  when  one  can  further  note  that  the  muscular  wall  of 
the  lateral  canals  is  much  thicker  than  that  of  the  central 
Milllerian  (three  to  four  times).  A  romnion  muacular  coat 
surrounds  the  lateral  and  central  ^portions.  The  urethra  is  seen 
cut  in  front  in  this  T.8.,  and  the  blood-vessels  lie  at  the  posterior 
angle  of  junction  of  the  central  and  lateral  portions. 

The  bladder,  ureter,  rectum  and  anal  glands  present  no  novel 
features. 

So  far  as  the  microscopical  anatonry  goes  the  cell  structure 
is  not  rudimentary,  but  like  that  of  higher  mammals. 
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TI.  The  Analogues  in  the  Male  and  Female  Genital 

Tract. 

While  it  is  generally  believed  that  the  analogy  between  the 
male  and  female  genital  tract  is  a  very  close  one,  the  exact 
details  have  by  no  means  been  worked  out,  and  excellent 
observers  are  at  variance  on  several  points. 

Exact  analogues  have  yet  to  be  determined  in  regard  to 
those  organs  which  are  rudimentary  in  the  one  sex  and  fully 
developed  in  the  other.  Thus  it  is  as  yet  disputed  how  far  the 
vas  deferens  of  the  male  is  represented  in  the  female ;  how 
much  of  the  vagina  is  represented  in  the  male,  and  so  on.  This 
practically  means  that  we  must  consider  not  only  the  adult 
anatomy  of  the  genital  organs,  but  also  their  development,  and 
this  resolves  itself,  in  the  main,  into  a  consideration  of  the 
development  of  the  urinogenital  organs.  I  shall  therefore  con- 
sider the  subject  as  follows  : — 

A.  The   development,  immediate  and  ultimate,  of  the  urino- 

genital organs  so  far  as  known  in  man. 

B.  The  sig7iifcance  of  the  temporary  development  of  the  Wolffian 

todies  in  the  human  embryo. 

C.  The  tdtimate  fate  of  the  urinogenital  organs  in  the  male  and 

female;  the  male  and  female  analogues. 

D.  The  homology  of  the  male  and  female  sexual  function. 

A. — The  develojjment,  immediate  and  ultimate,  of  the  urinogenital 
organs,  so  far  as  is  knoivn,  in  man. 

The  development  of  the  rectum,  bladder,  and  urethra  has  been 
considered  in  a  previous  section  (pp.  332-335),  and  we  have 
therefore  only  now  to  take  up  the  development  of  the  Wolffian 
bodies  and  ducts,  and  of  the  Milllerian  ducts  in  the  early  stages. 
On  this  part  of  our  subject  there  is  a  very  large  amount  written, 
and  what  I  give  here  is  based  on  this  and  on  my  specimens  at 
the  fourth  and  sixth  week.  These  were  examined  by  serial 
sections. 

If  we  take  a  five  weeks'  embryo,  as  Coste  so  beautifully 
figures,  we  find  that  in  the  pleuro-peritoneal  cavity  the  tem- 
porary organs  known  as  the  Wolffian  bodies  have  developed. 
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They  occupy  the  greater  part  of  the  length  of  this  cavity,  reach- 
ins  from  the  heart,  downwards  and  backwards,  to  the  caudal 
extremity.  As  is  well  known,  we  have,  in  the  lower  vertebrates, 
these  bodies  consisting  of  two  parts — the  pronephros  or  head 
kidney,  and  mesonephros  or  Wolffian  body  proper.  In  the  human 
embryo  it  is  disputed  as  to  whether  the  pronephros  is  really 
represented.  In  my  specimen  of  a  month  old  I  found  at  the  top 
of  the  "Wolffian  body  a  pit  with  a  small  tubule  at  its  deep  end, 
and  this  seemed  to  me  to  be  pronephric  in  its  nature  (figs.  32 
and  33).  It  was,  at  any  rate,  the  only  part  of  the  Wolffian  body 
which  had  a  free  peritoneal  opening  for  its  tubule.  Another 
view  would  be,  of  course,  that  it  is  the  beginning  of  the  duct  of 
Muller. 

In  the  lower  mammals  we  get  very  instructive  examples  of 
the  minute  anatomy.  I  have  examined  this  in  several  speci- 
mens of  the  chick,  and  rabbit,  and  pig  embryo  (many  specimens 
in  serial  transverse  and  longitudinal  section),  and  found  Minot's 
description  correct.  The  mass  of  its  substance  is  made  up  of 
tubules  lined  with  epithelium,  and  opening  towards  the  surface 
of  the  organ  into  the  Wolffian  duct.  At  the  other  end  of  the 
tubule  is  a  Malpighian  corpuscle  with  a  thin  lining  of  epithelium 
— the  capsule  of  Bowman.  We  have  no  exact  information  as 
to  the  mechanism  of  their  excretion,  but  they  are  evidently 
analogous  in  their  function  to  the  permanent  kidneys. 

Along  the  outer  free  peritoneal  surface  of  the  Wolffian  body 
runs  the  WoltKan  duct,  the  collecting  tubules  opening  into  it 
(fig.  34  ;  vide  also  Kollmann,  p.  399).  The  Wolffian  duct  opens 
below  into  the  urinogenital  sinus  (figs.  11  and  12). 

The  Milllerian  ducts  in  embryos  of  7-13  mm.  develop  at  the 
fifth  week  as  peritoneal  involutions  on  the  lateral  aspects  of  the 
Wolffian  bodies,  running  first  to  their  outer  edge  and  then  to 
the  inner  surface.  They  course  down  and  back  in  close  relation 
to  the  Wolffian  duct,  and  ultimately  end  blindly  on  the  back  of 
the  urinogenital  sinus,  immediately  above  the  Wolffian  duct 
openings,  and  form  there  the  eminence  of  Muller  (fig.  11).  The 
Milllerian  duct,  as  Sedgwick  long  ago  asserted,  I  consider  to  be 
probably  of  pronephric  origin,  for  reasons  to  be  afterwards  given. 
Gregg  Wilson's  papers  may  be  referred  to  for  a  summary  on 
this  point. 
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A  very  important  point  has  now  to  be  considered — viz.,  that 
in  connection  with  the  mesonephros  a  sexual  gland  develops, 
the  future  testis  or  ovary,  as  the  case  may  be. 

The  indifferent  sexual  gland  first  arises  in  the  human  foetus 
about  the  end  of  the  first  month  (fig.  34).  Nagel  has  figured  it 
in  foetuses  of  12  mm.,  and  Coste  has  an  excellent  drawing  of  it 
at  the  same  period.  It  is  due  to  a  tliickening  of  the  coelomic 
epithelium  over  the  mesonephros,  and  by  the  ingrowth  of  this 
epithelium  the  ova  or  seminiferous  tubules,  as  the  case  may  be, 
arise.  In  the  male,  tubules  connect  the  "Wolffian  duct  with  the 
seminiferous  tubules,  and  in  this  way  the  Wolffian  duct  becomes 
the  seminal  duct  (epididymis  and  vas  deferens).  This  phase  of 
development  in  the  male  need  not  further  concern  us,  especially 
as  many  of  the  points  in  regard  to  the  development  of  the  testis 
require  elucidation.  As  to  the  development  of  the  ova  and 
Graafian  follicles,  a  good  deal  of  dispute  exists ;  but  the  most 
generally  accepted  view  is  that  the  ova  are  derived  from  an 
indipping  of  the  cells  of  the  germ  epithelium  into  the  connec- 
tive tissue  of  the  ovary,  and  that  the  cells  of  the  membrana 
granulosa  have  also  a  similar  origin.  Foulis,  on  the  other  hand, 
believes  in  an  outgrowth  of  the  stroma  snaring  in  the  germ- 
epithelium  cells,  and  that  the  membrana  granulosa  cells  arise 
from  the  connective  tissue.  My  specimen  of  a  month  old  shews 
the  sexual  gland  present,  and  ova  in  course  of  formation. 

B. — The  significance  of  the  temiMrary  develojniient  of  the 
WoJfiian  bodies  in  the  human  Embryo. 

As  is  well  known,  the  mesonephros  has  only  a  temporary  de- 
velopment in  the  Amniota,  but  persists  as  a  permanent  kidney 
(kidney  and  testis  in  the  male)  in  tlie  Anamnia.  Thus,  in  the 
human  foetus  the  mesonephros  reaches  its  full  development 
during  the  second  month  and  then  withers,  leaving  traces  only, 
although  the  duct  has  a  more  permanent  adult  function.  The 
question  arises,  therefore.  Why  do  we  get  this  temporary 
development  in  the  human  foetus  ?  Why  does  the  true  kidney 
not  develop  earlier  ? 

The  usual  view  is  based  on  the  Darwinian  theory,  and  would 
regard  the  mesonephros  as  an  ancestral  inheritance,  used,  so  far 
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as  is  necessary,  in   the  development  of   the   organs,  but  still 
ancestral. 

The  view  I  would  advance  is  as  follows  :  The  development  of 
the  ovary  and  testis  is  one  intimately  bound  up  with  that  of  the 
mesonephros.  The  mesonephros  may,  indeed,  be  considered  as  a 
sexual  excretory  organ.  In  the  Amniota  the  development  of 
the  sexual  organs  is  completed  early  in  footal  life,  and  the  after 
function  of  the  ovary  or  testis  is  to  provide  a  comparatively 
small  number  of  ova  or  spermatozoa  at  long  intervals,  in  mammals 
at  any  rate. 

In  the  Anamnia,  however,  the  ovaries  and  testes  produce  a  very 
large  number  of  their  characteristic  products,  and  thus  the  great 
local  activity  of  these  organs  leads  to  a  retention  of  the  meso- 
nephros as  an  excretory  organ  in  close  vascular  relations  with 
the  sexual  organs. 

The  persistence  of  excessive  ovarian  and  testicular  activity  in 
the  Anamnia  is  to  be  associated  with  the  persistence  of  the  meso- 
nephros. 

On  this  point  Noel  Paten's  researches  on  the  Salmon  are  of 
value,  and  the  following  quotations  put  the  matter  briefly  : — 
"  Yearly,  or  at  longer  intervals,  the  fish  appear  on  our  coasts, 
apparently  from  the  deeper  waters,  and  ascend  the  rivers  there 
somewhere  between  October  and  January  to  deposit  their  spawn 
milt.  Having  done  so,  they  descend  the  river  as  kelts  and  again 
disappear  in  the  sea,  to  return  either  in  the  same  or  in  the 
following  year  to  the  fresh  water. 

"  What  force  urges  the  fish  to  leave  its  rich  feeding  ground  in 
the  sea  ?  Is  it  necessary  that  it  should  enter  fresh  water  in 
order  to  perform  the  act  of  reproduction  ?  Does  it  require  or 
procure  any  food  during  its  sojourn  in  tlie  river ;  and  if  not,  how 
is  it  able  to  maintain  life  and  to  construct  its  rapidly  growing 
genital  organs  ?  In  the  female  the  growth  of  these  is  enormous. 
In  April  or  May  the  ovaries  constitute  only  about  1*2  per  cent. 
of  the  weight  of  the  fish.  In  November  they  are  no  less  than 
23*3  per  cent.  In  a  fish  of  thirty  pounds,  in  the  spring  they 
weigh  about  120  grammes,  in  November  they  weigh  over  2000 
grannnes.  The  increase  in  the  testes  in  the  male  is  not  so 
marked,  but  is  sufficiently  striking.  In  April  or  May  their 
organs  are  about  0"15  per  cent,  of  the  weight  of  the  fish,  while  in 
November  they  are  3-3  per  cent." 


I 
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p. — The  ultimate  development   of  the  urinogenital  organs  in 
the  male.and  female  trad:  the  male  and  female  analogues. 

In  the  fcetus,  whatever  be  its  sex,  we  have  a  double  set  of 
organs,  viz.,  pronephros  and  mesonephros,  with  the  mesonephric 
or  AYolffian  duct  and  the  Miilleriun  ducts.  We  have  now  to 
discuss  the  ultimate  development  of  these  in  the  two  sexes,  and 
to  state  the  analogous  parts  (fig.  34). 

In  the  human  female  the  Miillerian  ducts  form  the  Fallopian 
tube,  uterus,  and  vagina,  according  to  the  generally  accepted 
view. 

From  what  I  have  already  advanced,  I  regard  this  as  only 

in  part  correct,  and  would  modify  it  as  follows.     The  Fallopian 

tubes,  uterus,  and  upper  two-thirds  of  the  vagina  are  ::\Iiillerian, 

the  lower  third  of  the  vagina  is  blended  urinogenital  sinus  and 

Wolffian  ducts.     The  hymen  is  developed  from  the  lower  ends 

of  tlie  AVolffian  ducts.     Inasmuch,  therefore,  as  the  hymen  is 

developed  from  the  Wolffian  bulbs,  as  I  have  already  indicated, 

it  is  evident  that  the  hymen  corresponds  with  the  lower  ends  of 

the  vasa  deferentia  in  the  male,  and  this  gives  us  a  most  valuable 

point  of  comparison  between  the  male  and  female  urinogenital 

tracts.     Hitherto  there  has  been  a  want  of  exactitude  in  our 

knowledge,  owing  to  the  belief  that  the  Wolffian  ducts  in  the 

female  disappeared  in  their  lowest  parts,  and  were  therefore 

practically  not  represented  in   the  female  genital   tract.      In 

investigating    this   point   I  examined  serial  sections   of   male 

pelves  between  the  second  and  third  month,  at  the  third  and  a 

half  month,  at  the  fourth  month,  and  at  the  fourth  and  a  half 

month.     The  following  were  the  conditions  found  : — 

{a)  The  apparent  uterus  masculinus  at  the  second  and  third 
month  is  really  due  to  fusion  of  the  vasa  deferentia. 

(&)  At  the  fourth  month  the  prostatic  gland  had  developed, 
(c)  At  the  fourth  and  a  half  month  I  found,  near  the  termina- 
tion of  the  vas  deferens,  a  hitherto  undescribed  bulb  of  epithelium 
exactly  like  the  Wolffian  bulb  of  the  female.  It  is  remarkable 
indeed  to  note  this  bulb  in  the  male  with  epithelial  cells  exactly 
like  those  of  the  adult  vaginal  mucous  membrane.  Tlie  vas 
deferens  ended  near,  but  not  in  it,  in  this  specimen. 

{d)  The  so^called  sinus  pocularis  in  the  adult  male  seems  to 
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me.,  therefore,  not  to  represent  the  uterus,  but  the  hymeneal  end 
of  the  vagina,  practically  those  parts  of  the  Wolffian  ducts 
which  with  the  urinogenital  sinus  form,  as  I  have  indicated,  the 
lower  third  of  the  vagina, 

(e)  The  ducts  known  as  Skene's  ducts  in  the  female  urethra 
are  really  analogous  to  the  prostatic  glands  of  the  male.  They 
do  not  represent  any  part  of  Gartner's  canal  (Wolffian  duct), 
but  are  merely  prostatic.  Of  this  I  have  no  doubt  now. 
The  prostatic  glands  in  the  male  develop  from  the  urinogenital 
sinus,  and  in  the  female  the  only  prostatic  element  is  to  be 
found  in  Skene's  ducts  and  the  small  glandular  recesses  seen 
round  the  urethral  meatus. 

I  must  point  out,  however,  that  it  will  be  necessary  to 
examine  serial  sections  of  full-time  male  and  female  foetuses  to 
determine  more  exactly  the  analogues  of  the  seminal  vesicles, 
and  the  more  exact  anatomy  of  the  common  ejaculatory  ducts. 

So  far  as  I  have  traced  the  development  in  the  male,  the 
prostatic  openings  of  the  ejaculatory  ducts  are  the  lower  ends 
of  the  Wolffian  ducts. 

The  following  ta1)le,  modified  from  Quain,  gives  shortly  the 
views  advanced  here  as  to  the  male  and  female  genital  analogues. 

We  may  now  trace  the  analogous  parts  more  in  detail.  From 
what  I  have  already  said  it  is  evident  that  the  analogues  of  the 
female  and  male  tract  are  most  definitely  settled  in  the  upper 
portions.     The  disputed  points  are  mainly  as  to  the  lower. 

The  fact  that  tlie  analogue  of  the  hymen  is  the  vasa  defer- 
entia  termination  in  the  male  colliculus  seminalis,  enables  us, 
by  superposition  of  diagrams  of  the  early  foetal  organs  and  fully 
developed  adult  ones  in  sagittal  mesial  sections,  to  clearly  estab- 
lish practically  all  the  analogues.  Thus  from  the  hymen  on  along 
the  vestibule  to  the  glans  clitoridis,  is  equivalent  to  all  in  the 
male  urethra  below  the  colliculus  seminalis ;  and  if  the  ventral 
surface  of  the  male  organ  were  split  from  this  point  to  the 
urethral  orifice,  the  female  construction  would  be  so  far  imitated. 
As  to  the  analogue  in  tlie  female  of  the  vesicular  seminales,  1 
have  not  been  able  to  settle  this  to  my  satisfaction,  the  best 
opinion  yet  advanced  being  that  of  Bland  Sutton,  wlio  holds 
that  Skene's  tubules  represent  them.  That  the  ovary  and 
testis  are  analogues   and   homologues   is   evident,  but  in   the 
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present  state  of  dispute  as  to  the  development,  it  would  be  rash 
to  attempt  to  push  analogies  here  in  detail.  In  regard  to  the 
urinogenital  sinus,  it  has  to  be  noted  that  in  the  early  fa3tus  we 
have  as  its  upper  boundary  where  the  eminence  of  Milller  lies, 
on  its  posterior  wall.  The  hymen  forms  at  the  Wolffian  ducts 
opening,  and  not  at  the  eminence  of  Mliller,  as  usually  stated. 
I  think  it  probable  that  the  Wolffian  bulbs  block  the  urino- 
genital  sinus,  and  that  the  lumen  is  re-established  as  a  double 
one,  urethral  and  vaginal,  by  involutions  from  the  sinus  below. 
Thus  in  tlie  female,  the  vestibule,  lower  third  of  the  vagina,  and 
lower  end  of  the  urethra  represent  the  original  sinus  urino- 
genitalis.  In  the  male,  of  course,  all  below  the  colliculus 
seminalis  represents  it,  with  this  difference  that  it  forms  a  real 
canal,  and  not  practically  a  hypospadias  as  in  the  female,  the 
penis  being  greatly  developed  as  compared  with  the  clitoris. 
The  upper  portion  of  the  urethra  and  the  bladder  in  the  female, 
and  all  above  the  sinus  pocularis  in  the  male,  are  of  course 
derived  from  primitive  gut  and  allantois. 

I  need  hardly  indicate  that  the  labia  majora  represent  the 
scrotum  split  sagittally  and  mesially,  and  that  the  labia  minora 
are  the  ununited  edges  of  the  urethral  groove. 

Above  tlie  colliculus  seminalis  the  task  of  identification  of 
the  analogues  is  fairly  easy.  No  part  of  the  vas  deferens  is 
normally  represented  in  the  human  female  until  we  come  to  the 
interval  between  tube  and  ovary,  where  we  have  the  main  tube 
and  tubules  of  the  epuophoron  (parovarium).  The  tubules  of 
the  Wolffian  body  are  represented  in  the  female  by  the  paro- 
ophoron tubules  at  the  hilum,  and  by  the  epoophoron  or  paro- 
varium higher  up. 

In  the  male  we  get  remnants  of  the  Wolffian  body  in  con- 
nection with  the  testicle,  the  well-known  organ  of  Giraldes,  or 
paradidymis.  The  ducts  of  Milller,  strictly  speaking,  are  not  in 
my  opinion  represented  in  the  male  at  all,  except  by  the 
hydatids  of  Morgagni  and  the  rare  cornua  uteri  or  uterus  and 
vagina  occasionally  found.     (Primrose.) 

The  sinus  pocularis  represents,  I  believe,  the  junction  of 
Wolffian  ducts  and  part  of  urinogenital  sinus.  Of  course,  if  one 
holds  to  the  vagina  being  Milllerian  in  all  its  extent,  the  sinus 
pocularis  will  represent  the  lower  part  of  the  Miillerian  ducts. 
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'  We  have  now  to  try  to  understand  the  reason  for  this  ap-i 
parently  extraordhiary  development  of  the  genital  organs.  It 
seems  remarkable  that  we  should  have  apparently  a  double 
genital  tract  to  start  with,  and  that  each  sex  should,  in  its  adult, 
and  normal  condition,  retain  traces,  so  far  as  we  know,  function- 
less,  of  the  opposite  sex. 

In  the  early  human  embryo  we  have  a  very  remarkable  con- 
dition present,  which  I  may  recapitulate  as  follows  : — 

1.  A  very  rudimentary  pi-onephros  or  head  kidney  (?). 

2.  A  well-marked  mesonephros,  or  Wolftian  body  proper,  with 

a  duct. 

3.  An  inditlereut  sexual  gland  developed  in  connection  with 

the  mesonephros.     When  this  is  an  ovary,  we  get — 

4.  A  special  female   genital    duct,   the    Milllerian   retained. 

Should  this  gland  be  a  testis,  we  get — • 

5.  The  AVolffian  duct  persisting  as  its  vas  deferens. 

This,  however,  does  not  exhaust  the  peculiarities,  as  we  find 
that  when  the  sex  is  female  we  get  parts  of  the  mesonephros 
and  its  duct  normally  persisting  as  well-marked  vestiges,  and 
aiding  in  hymeneal  and  vaginal  development,  as  I  have  already 
described.  When,  however,  the  ftetus  is  of  the  male  sex,  we  get 
hardly  any  trace  of  the  ^Milllerian  duct  except  Morgagni's 
hydatid  ;  that  is  to  say,  the  adult  female  has  more  representative 
traces  of  the  male  sex  than  the  male  sex  has  of  the  female.  This 
seems  to  me  very  remarkable,  and  worth  investigation. 

The  testis  and  vas  deferens  develop  from  or  in  connection 
with  the  mesonephros,  which  is  the  strongly  developed  portion 
of  the  Wolffian  bodies.  AVliat  develops  the  Miillerian  duct  or 
its  Anlage  ?  The  present  current  answer  is  that  the  Milllerian 
duct  develops  later  than  the  Wolffian,  and  apparently  is  de- 
veloped by  an  invagination  of  the  coelomic  epithelium,  i.e.,  of  the 
epithelium  of  the  peritoneal  cavity.  As  I  have  already  hinted, 
it  may  develop  from  the  rudimentary  pronephros  as  in  some  of 
the  lower  mammals.  At  any  rate,  the  Fallopian  tube  and  ovary 
are  formed  on  a  Wolffian  type,  as  we  have  the  funnel-shaped 
opening  and  the  duct  passing  down  as  uterus  and  vagina, 
finally  to  blend  with  the  Wolffian  duct  at  the  hymen.     It  has, 
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of  course,  long  been  held  by  some  observers  that  the  duct  of 
Milller  was  pronephric.     (Sedgwick.) 

We  may  say,  then,  that  the  early  foetus  is  not  hermaphroditic 
or  double-sexed.  There  is  never  ovary  and  testis,  but  only  an 
indifferent  gland  at  first.  The  essential  point  seems  to  be  that 
we  first  get  the  Wolffian  bodies  or  temporary  kidneys  formed, 
and  these  are  developed  apparently  as  sexual  kidneys,  which 
wither  in  advanced  vertebrates  when  the  ova  and  spermatozoa  are 
fairly  formed.  They  are  utilised,  as  far  as  possible,  in  the 
development  of  the  conducting  parts  of  the  genital  tract,  and 
thus  from  pronephric  epithelium  the  :\Iilllerian  duct  probably 
arises,  while  the  whole  of  the  mesonephric  duct  and  part  of  the 
mesonephric  tubules  are  utilised  for  the  testis. 

The  conducting  part  of  the  genital  tract  is  thus  practically 
an  adaptation  of  the  Wolffian  scatfolding,  and  the  persistence  in 
the  female  of  such  well-marked  functionless  portions  as  the 
epoophoron  and  paroophoron  is  to  be  associated  with  the  fact 
that  the  mesonephros  is  the  best  developed  part  of  the  Wolffian 
body,  its  duct  is  taking  part  in  the  development  of  the  female 
fcetus  as  late  as  the  third  and  a  half  month.  If  we  grant  the 
pronephric  Anlage  of  the  Miillerian  duct,  the  more  marked 
atrophy  of  the  latter  in  the  male  is  to  be  correlated  with  its 
origin  from  a  more  rudimentary  part  of  the  Wolffian  system. 

B. — The  homolof/y  of  the  male  and  female  sexual  function. 

An  interesting  parallel  can  be  drawn  between  tlie  male  and 
female  sexual  functions.  The  female  supplies  an  ovum  which 
is  discharged  along  the  Fallopian  tube,  and,  if  impregnated,  is 
developed,  as  a  rule,  in  the  uterus.  The  ovum  is  a  modified  cell 
from  the  specialised  ca?lomic  epithelium,  i.e.  is  a  peritoneal  cell, 
and  is  passed  along  a  duct  which,  if  not  pronephric,  is  at  least 
modelled  on  a  pronephric  or  mesonephric  type.  The  discharge 
of  the  ovum  is  probably  a  specialised  Wolffian  function.  The 
spermatozoon  is  also  part  of  a  modified  peritoneal  cell,  and  is 
discharged  along  the  vas  deferens,  i.e.  Wolffian  duct.  The  dis- 
charge of  the  spermatozoon  is  thus  practically  a  specialised 
Wolffian  function. 
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VJl.  The   PiELATioN   of  the  Views   Advanced   to   Certain 
Developmental  Arrests  in  the  Upjnogenital  Tract. 

I  take  up  only  those  cases  which  are,  for  whatever  reason, 
permanent  developmental  arrests,  and  I  consider  vspecially  only 
some  of  the  rarer  ones  which  have  come  under  my  own  personal 
observation.  For  clearness,  however,  I  shall  repeat  a  resume  of 
normal  developmental  stages.  Normal  development  may  be 
summed  up  as  follows  : — ■ 

Stage.  Date. 

1.  Division  of  primitive  gut  into  bladder, 

rectum,  and  urinogenital  sinus  ;  cloacal 
membrane  present ;  withering  of  end 
gut  (pars  ultima),       ....     20th  to  23rd  day. 

2.  Communication  of  pelvic  end  of  urethra 

and  rectum  with  exterior  by  formation 
of  ectodermic  pbig ;  its  breaking  down, 
and  thus  existence  of  ectodermic  cloaca,     4th  to  6th  week. 

3.  Closure    of   cloaca    by    Reichel's    Anal- 

hocker, 7th  to  8th      „ 

4.  Urinogenital    sinus    completely    formed 

with  ducts  of  cruller  related  to  it,  and 

Wolffian  ducts  opening  into  it,    .  .     8th  to  9th      „ 

5.  Hymen  formed,  anus  formed,  preputium 

cUtoridis     in    course     of     formation ; 

Miillerian   vagina  being   relined  from  : 

Wolffian  bulbs,  ....     3rd  and  4th  month. 

I  need  not  recapitulate  the  well-known  facts  as  to  the  appear- 
ance of  the  ducts  of  Miiller,  and  their  time  of  fusion  so  as  to 
form  the  uterus  and  tubes  {vide  Hart  and  Barbour,  5th  edit,, 
p.  291). 

The  special  malformations  I  have  been  able  to  study  belong 
mainly  to  the  rarer  forms,  and  comprise — 

1.  Fast  us  without  urinogenital  system. 

2.  A   pediculated  tuntour  attaehed  to   the  perineal  region  of  a 

female  infant,  which  on  removal  and  mirro.-^copiral  exanmia- 
tion  proved  to  he  a  piece  of  iwlated  ho'w el,  probably  persistent 
end-gut. 

3.  Two  cases  of  transverse  septum  vagiius  dividing  the  vagina 

into  a  lower  third  and  upper  two-thirds. 

4.  A  case  of  atresia  of  the  loicer  third  of  the  vagina,  the  rest  of 

the  tract  being  developed. 
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5.   Case   of  vertical   ridge   on   llie   anterior   vaginal   wall,  with 
'• ' "  another  correeponiUng  ridge  on  the  7t2:>2^er  two-thirds  of  the 

■poi^teripr  raginal  wall. 

..X..  Foetus  with  tiQurinogenital  s//stem. — This  remarkable  speci- 
men, for  which  I  am  indebted  to  Mr  Miles,  was  an  eiglit-months', 
foetus  with  no  permanent  anus,  and  no  representative  of  external 
genitals  except  a  strap-like  projection  of  skin  from  the  pubes 
about  an  inch  long. 

On  sagittal  mesial  section  I  found  no  bladder,  only  primitive- 
gut ;  a  rudimentary  allantois  above  the  pubes,  no  internal 
genitals,  and  no  ureters  or  kidneys. 

I  do  not  purpose  discussing  this  remarkable  case  fully,  but 
merely  point  out  that  it  justifies — 

(1)  The  consideration  of  the  urinogenital  organs  as  forming  a 

correlated  system. 

(2)  The  views  of  Lieberkiihu  and  Keibel  as  to  the  develop- 

ment and  origin  of  bladder. 

These  investigators  derive  it  from  the  primitive  gut,  and  only 
its  apex  from  the  allantois.  If  in  this  case  we  had  some  early 
destruction  of  Wolffian  duct,  it  would  account  for  the  absence 
of  ureter  and  kidney.  In  some  cases,  however,  a  rudimentary 
kidney  has  been  noted  by  Ballantyne,  and  this  points  to  the 
kidney  not  being  entirely  a  Wolffian  duct  derivative.  The  non- 
division  of  the  primitive  gut  into  its  rectal  and  bladder  portions 
is  difficult  to  explain, 

2,  A  2}^diculatcd  tumour  attached  to  tlic  ^drwicri!/  region  of  a 
female  infant,  irhich  on  removal  and-  microscopical  examination 
jjroved  to  he  a  piece  of  isolated  bowel,  2)rohablij  2'>&'i'sistent  end-gut. 
- — This  rare  and,  so  far  as  I  know  at  present,  unique  case 
occurred  in  the  practice  of  Dr  Inch  of  Gorebridge.  AVhen  I 
saw  it  with  him,  the  child  was  a  week  old  and  was  in  every 
respect  healthy  and  normal,  except  that  while  it  had  the  genitals 
of  a  female  child,  there  was  attached  to  the  skin  surface  between 
anus  and  vagina  what  seemed  to  be  a  scrotum  with  an  anterior 
opening,  into  which  a  probe  passed  for  a  sliort  distance. 

The  annexed  diagram  (fig.  36)  shows  that  the  child  had  the 
extertaaT.  female  genitals  normally  developed,  except  that  the 
preputium  clitoridis  was  split  into  two  halves.     So  far  as  I 


MOEPHOLOGY   OF   THE    HUMAN    URINOGENITAL   TRACT.        365: 

could  ascertain,  the  cavity  of  this  tumour  cotnnmnicated  with 
no  organ,  and  gave  no  secretion.     It  seemed  to  me  to  be  scrotal 
at  any  rate,  with  or  without  testicle,  and  I  thought  it  best  to 
consider  matters  before  removal.     I   could  find  no  such  case 
recorded,  and  could  advance  no   thorough  explanation  of   its 
nature.     As  the  parents  were  greatly  distressed  at  this  strange 
malformation,  and  as  I  was  certain  it  had  no  communication, 
with  any  organ  or  with  peritoneum,  I  ultimately  removed  it,, 
first  transfixing  and   ligaturing  the  neck.     The  child  did  not; 
suffer  afterwards,  and  is  now  quite  well.     On  laying  open  the 
tumour,  I  found  the  cavity  already  alluded  to,  but  nothing  else 
except  fat  and  skin. 

On  microscopical  examination  I  was  very  much  astonished  to 
find  the  cavity  lined  with  Lieberkiihnian  follicles,  and  no  tes- 
ticular tissue  present.  We  have,  therefore,  to  explain  the  strange 
anomaly  of  such  a  rare  and  unusual  condition. 

If  we  take  Keibel's  diagrams  (figs.  1  and  2)  of  the  lower  end  of 
an  early  human  foetus  3  mm.  long,  we  see  displayed  the  structure 
known  as  the  cloacal  membrane.  This  is  the  anterior  boundary 
of  the  part  of  the  primitive  gut  known  as  the  entodermal  cloaca, 
from  which,  as  I  have  already  explained,  the  rectum  and  bladder 
are  formed  by  coronal  partitions  (figs.  6-9).  This  cloacal 
membrane  extends  from  the  root  of  the  navel  back  to  the  top  of 
the  portion  of  the  primitive  gut,  which  atrophies  usually.  The 
aberrant  tumour  I  have  just  described  seems  to  me  to  be  the 
persistent  end-gut;  and  if  this  bo  the  case  it  is  of  importance  as 
helping  to  determine  the  posterior  end  of  the  cloacal  membrane. 

The  value  of  my  case,  if  my  view  be  right,  is  this,  that  it 
establishes  in  the  new-born  child  the  posterior  boundary  to 
which  the  cloacal  membrane  extends,  viz.,  to  the  var^ina.  It 
also  shows  that  the  split  clitoris  is  not  a  proof  that  the  glans 
develops  from  two  halves  originally. 

3.  Two  cases  of  transverse  sejjtiun  vagince  dividing  the  va/jina' 
info  a  loivcr  third  and  upper  tivn-thirds. — This  is  the  rarer  form 
of  so-called  atresia  hymenalis  vaginae.  We  have  the  external 
genitals  developed  normally,  a  hymen  present  as  in  one  of  my 
cases  .where  the  patient  was  a  girl  at  puberty,  with  the  vagina 
apparently  an  inch  long,  and  evident  pressure  symptoms  and 
retention  of  urine.     When  I  saw  her  the  .urinary  retention^  had 
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been  relieved,  and  there  had  been  a  discharge  of  much  tarry 
blood  from  the  vagina.  As  a  tumour  had  previously  protruded 
at  the  vulvar  orifice,  I  examined  carefully,  and  found  the  hymen 
and  external  genitals  developed,  while  an  inch  from  the 
hymeneal  edge  a  transverse  septum  could  be  felt  with  a 
lacerated  tear  through  its  substance  on  the  left  side.  When 
this  laceration  was  dilated  I  could  pass  my  finger  into  the  rest 
of  the  vaginal  canal — the  real  Aliillerian  portion.  The  rest  of 
the  genital  tract  was  normal. 

The  second  case  was  that  of  an  adult  woman  who  had  men- 
struated scantily  and  with  pain.  In  her  the  same  condition  of 
a  transverse  septum  an  inch  from  the  hymen  existed,  and  of  the 
condition  I  was  able  to  take  a  cast.  There  was  evidently  a 
small  aperture  in  the  septum,  as  I  could  dilate  a  sinus  and  make 
a  lateral  canal  admitting  the  finger.  I  did  not  detect  a  cervix. 
The  uterus  bimanually  seemed  unicornuous,  and  the  ovaries 
were  both  present. 

Each  of  these  cases  had,  therefore,  the  lower  third  of  the 
vagina  present — i.e.,  that  part  derived  from  the  blending  of  the 
uriuogenital  sinus  and  Wolffian  ducts.  Such  cases  are  only  to 
be  understood  in  the  light  of  the  origin  of  the  vagina  as  brought 
forward  in  the  present  investigation. 

4.  Case  of  atresia  of  the  lower  third  of  the  vagina,  the  rest  of  the 
tract  heijifj  developed. — In  this  case,  that  of  a  prostitute  in  the 
Eoyal  Infirmary,  whom  I  saw  through  the  kindness  of  Mr  Caird, 
there  was  an  interesting  persistence  of  a  vertical  ridge  both  on 
the  anterior  and  posterior  vaginal  walls.  The  ridges  differed, 
inasmuch  as  the  posterior  one  ceased  about  an  inch  from  the 
vaginal  entrance,  while  that  on  the  anterior  wall  ran  along  the 
whole  distance,  and  had  quite  an  excrescence  at  its  lower  end. 
The  ridge  on  the  posterior  wall  probably  represented  the 
remains  of  the  Miillerian  septum,  while  that  on  the  anterior 
was  the  remains  of  the  septum  between  the  Miillerian  ducts  and 
Wolffian  bulbs. 

We  can  thus  give  the  proljable  antenatal  date  of  the  defor- 
mities recorded : — 

1.  Congenital  perineal  bowel  tumour  in  3rd-4th  week. 

2.  Septum  vagina?  (transverse),  6th  week-8th  week. 

3.  Vertical  ridges,  4th  week. 
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-    VIII.  On  THE  Nature  and  Development  of  Mucous 

Membranes. 

There  is  admitted  difficulty  in  defining  what  we  mean  by 
'  mucous  membrane';  and  Bland  Sutton  states  that  practically 
there  is  no  difference  between  skin  and  mucous  membrane. 
Hair,  he  believes,  can  grow  on  mucous  membrane  ;  and  in  his 
work  on  Dermoids  he  considers  the  Graafian  follicles  as 
practically  mucous  follicles — i.e.,  with  the  power  of  producing 
skin  products. 

A  s-tudy  of  the  development  of  the  prepuce  of  the  clitoris 
and  penis,  and  of  the  development  of  the  permanent  lining  of 
the  vagina,  seems  to  me  to  throw  some  light  on  this  question, 
and  therefore  I  purpose  to  consider  it  at  this  stage.  I  accord- 
ingly consider — 

(1)  The  behaviour  of  mucous  membranes  when  everted. 

(2)  The  develo23ment  of  the  anus  and  of  the  prepuce  of  the 

clitoris  and  penis. 

(1)  The  behaviour  of  mucous  membranes  when  everted. — The 
gynaecologist  has  good  opportunity  of  observing  this  in  certain 
clinical  cases.  Thus,  in  prolapsus  uteri  and  in  tears  of  the 
perineum  sufficiently  extensive  to  involve  the  anus  and  rectum, 
he  can  observe  how  the  exposed  mucous  membranes  alter  or 
remain  moist  when  exposed  to  unusual  friction  or  irritation. 

The  vaginal  lining  is  generally  described  as  mucous  membrane, 
although  many  consider  it  as  more  correctly  presenting  greater 
affinity  to  skin.  In  the  natural  condition  its  free  surfaces  are 
moist  and  rose-coloured,  but  when  these  are  everted,  as  in 
prolapsus  uteri,  they  take  on  all  the  dryness  and  appearance  of 
ordinary  skin.  The  same  holds  good  for  the  glans  penis  after 
circumcision.  In  marked  contrast  with  this  is  the  condition  of 
the  rectal  mucous  membrane  in  complete  anal  tear.  Here  the 
everted  mucous  membrane  of  the  rectum  retains  its  fresh  red 
colour  and  moisture,  and  never  approximates  in  appearance  to 
skin.  The  anal  lining,  however,  is  hardly  distinguishable  from 
skin.  All  I  hese  surfaces  are,  however,  indiscriminately  classed 
as  mucous  membranes,  although  their  behaviour  under  altered 
conditions  of  friction  and  pressure  is  so  different ;  and  the  ques- 
tion may  be  asked,  What  is  it  that  makes  the  difference  ?     The 
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answer  to  this  involves  some  questions  of  development  which  we 
must  now  recapitulate. 

(2)  The  dcvelo^mient  of  the  anus  and  of  the  2)re2)n.ce  of  the 
clitoris  and  2Tcnis. — -The  lining  of  the  rectum  is  a  hypoblastic 
structure,  while  that  of  the  anus  is  epiblastic.  In  the  three  and 
a  half  months'  fostus  one  can  see  the  epidermis  passing  in  at  the 
anal  site,  and  at  the  top  of  the  anus  gradually  passing  into  that 
of  the  Lieberkiihnian  follicles  (fig.  19).  The  superficial  cells 
of  the  epidermis  so  passing  in  are  necessarily  central,  and  as 
they  desquamate,  form  the  lumen. 

The  views  advanced  by  embryologists  as  to  the  development 
of  the  prepuce  are  discordant,  and  in  some  respects  unintelli- 
gible. Milnes  Marshal],  for  instance,  says  :  "  The  prepuce  appears 
towards  the  end  of  the  third  month  as  a  fold  of  skin  round  the 
base  of  the  glans,  and  is  at  first  interrupted  ventrally  by  the 
urethral  groove"  (p.  597,  1893).  Minot  (pp.  517-9,  edit.  1897) 
gives  two  accurate,  though  rather  ill-defined  drawings,  and 
says :  "  The  prepuce  appears  as  a  slight  ridge  whicli  overgrows 
the  glans,  the  epithelium  of  the  inner  surface  uniting  as  the 
fold  blends  with  the  epithelium  of  the  glans — the  two  epithelia 
fusing  into  one  solid  plate." 

"With  this  description  I  disagree,  and  the  account  I  urge  as  a 
more  correct  one  is  already  given  at  page  339. 

There  is  thus  a  close  parallel  between  this  development  of  the 
prepuce  and  that  of  the  vaginal  lining.  The  vaginal  lining 
is  derived  from  the  Wolffian  bulbs,  and  they  render  the  previous 
Milllerian  lumen  of  the  vagina  solid,  and  when  central  des- 
quamation takes  place  a  fresh  lumen  is  formed.  The  Wolffian 
bulbs  are  of  course  epiblastic  in  origin  (vide  p.  341). 

To  understand  the  difference  in  behaviour  of  the  mucous 
membranes  when  exposed  to  pressure,  we  must  remember  their 
origin.  The  so-called  mucous  membranes  of  the  inner  surface 
of  the  prepuce,  anus,  and  vagina  are  epiblastic  in  origin,  and 
revert  to  epidermis  when  eversion  is  permanent.  They  »hould 
be  thus  classed  as  epiblastic  mucous  membranes  or  muco- 
cutaneous surfaces  (Turner).  Eectal  mucous  membrane,  on  the 
other  hand,  is  hypoblastic  in  origin,  is  a  true  mucous  membrane 
with  a  mucous  secretion,  and  takes  on  no  squamous  character 
when  everted  permanently. 
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'  In  regard  to  the  relining  of  the  vagina  from  the  Wolffian 
bulbs,  I  wish  to  point  out  that  in  the  ureter  and  bladder  we 
have  a  niucuous  membrane  made  up  of  a  many-layered  epi- 
thelium. The  interesting  query  suggests  itself  as  to  the  origin  of 
this  lining.  The  ureter  splits  off  from  the  Wolffian  duct  and  is 
thus  epiblastic.  The  bladder,  however,  is  allantoic  at  its  apex, 
derived  in  the  main  from  the  primitive  gut  {vide  postea,  p.  381), 
and  is  thus  hypoblastic  in  origin.  Is  it  relined  through  the 
epiblastic  ureter  as  the  vagina  is  through  the  Wolffian  duct  ?  It 
would  be  interesting  to  know  what  naked-eye  changes  took  place 
in  that  mucous  membrane  of  extroverted  bladder  after  the  ureters 
had  been  transplanted  with  the  rectum.  Probably  the  exposed 
bladder  would  become  skindike  and  lose  its  moist  condition. 


IX.  Summary. 

1.  The  genital  organs  in  the  adult  mammal  arise  from,  and 
in  connection  with,  the  Wolffian  bodies,  the  Wolffian  duct  and 
the  ducts  of  Milller. 

2.  In  the  lowest  female  mammal  examined  (rat  kangaroo 
as  type  of  Marsupials)  the  urinogenital  ducts  are  least  modified  ; 
the  Wolffian  ducts  hchuj  represented  hy  the  lateral  vaginal  canals 
and  ep6ophorun,ioh'ile  tlie  paroophoron,  is  2iresent  as  a  duct  in  the 
centre  of  the  ovary.  The  Miillerian  ducts  are  present  as  the 
Fallopian  tubes  and  uterine  cornua,  while  the  central  vaginal 
canal  represents  the  rest  of  the  Miillerian  tract.  The  urino- 
genital sinus  is  present  apparently  unaltered,  and  the  whole 
arrangement  is  like  the  human  fatal  condition  at  the  sixth  to 
the  seventh  week. 

3.  In  the  adult  human  female  the  genital  tract  has  the 
Wolffian  body  represented  by  the  epoophoron  (normally 
present)  and  by  traces  of  the  paroophoron  at  the  hilum  of  the 
ovary.  The  Wolffian  duct  is  represented  normally  near  the 
epoophoron  and  rarely  by  occasional  traces  in  the  broad  liga- 
ment and  uterus.  The  lowest  segment  of  the  vaginal  portion 
of  the  Wolffian  duct  forms  the  hymen  by  the  coalescence  of 
bulbous  proliferations  there,  and  cells  from  these  replace  the 
primitive  lining  of  the  Miillerian  vagina. 

The  vagina  is  Miillerian  only  in  its  upper  two-thirds ;   the 
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lower  third  is  formed  by  the  coalescence  of  the  Wolffian  bulbs 
and  nrinogenital  sinus. 

4.  Between  the  lowest  and  highest  female  mammals  there 
are  gradations  in  the  representation  of  the  Wolffian  ducts  in 
the  genital  tract.  This  still  requires  determination.  It  is 
known  that  the  Wolffian  ducts  persist  to  a  marked  extent  in  the 
cow  and  sow  (Gartner's  canal),  and  additional  mammals  must 
therefore  be  examined  as  to  the  point. 

5.  The  colliculus  seminalis  of  the  adult  human  male  is  the 
analogue  of  the  hymen  and  lower  third  of  the  vagina.  The 
Miillerian  ducts  are  not  represented  in  the  adult  human  male 
so  far  as  is  known — except  by  the  hydatid  of  Morgagni  and 
some  rudiments  near  the  testis. 

6.  Skene's  ducts  in  the  female  urethra  are  prostatic  analogues, 
but  the  nature  and  analogues  of  the  vesiculte  seminales  are  as 
yet  not  accurately  determined. 

7.  The  spermatzoou  is  a  specialised  pleuro-peritoneal  cell, 
and  its  excretion  is  practically  a  specialised  Wolffian  function. 

8.  The  ovum  is  a  specialised  pleuro-peritoneal  cell,  but  its 
excretion  is  along  a  duct  formed  later  than  the  Wolffian  one, 
and  cannot  be  represented  as  a  specialised  Wolffian  function, 
unless  we  hold  that  the  ]Mullerian  duct  has  a  pronephric  Anlage. 

9.  In  the  formation  of  the  lumina  of  the  preputium  clitoridis, 
vagina,  male  urethra  (spongy  portion  and  glans),  and  permanent 
anus,  the  epidermis  between  the  2nd  and  4th  month  of  foetal 
life  is  the  active  agent.  First  a  solid  plug  of  epidermis  passes 
in,  with  its  superficial  cells  central,  its  more  active  ones  deep ; 
desquamation  of  the  central  cells  ensues,  and  thus  the  lumen 
remains  lined  with  cells  of  an  ectodermic  origin. 

10.  True  mucous  membrane  is  hypoblastic  in  origin. 
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DESCRIPTION  OF  PLATES  XXXV.,  XXXVI. 

Fig.  1.  Vertical  mesial  section  of  caudal  end  of  4-2  mm.  foetus 
(Keibel).  Xote  formation  of  primitive  gut  with  Wolffian  duct  open- 
ing into  posterior  part :  cloacal  membrane,  a,  is  anterior  boundary 
of  entodermal  cloaca  (pars  penultima  of  primitive  gut) ;  tail  gut,  6, 
present. 

Fig.  2.  Blastula  stage  of  Amphioxus  (Hatschek),  2^-5. 

Fig.  3.  Gastrula  stage  of  Amphioxus  (Hatschek),  2  2.o_ 

Fig.  4.  Dorsal  view  of  2  mm.  human  embryo,  ^.  P.S.,  primitive 
streak;  N.T.,  neurenteric  canal  entering  yolk  sac;  N.G.,  neural 
groove;  H.P.,  head  end  of  embryo,  ^  (Graf  Spee). 

Fig.  5.  Embryo,  H.s./.,  6-5  mm., ;  a,  tail  gut  withering;  h,  ureter 
budding  off  from  Wolffian  duct  (Keibel). 

Figs.  6-9.  T.S.  of  4-2  mm.,  human  embryo,  showing  stages  of 
division  by  coronal  partition  of  primitive  gut  into  rectum  and  bladder 
(Keibel)  ;  r,  rectum ;  b,  bladder. 

Fig.  10.  To  show  view  that  bladder  originates  from  allantois  (Allen 
Thomson),     r,  rectum  ;  b,  bladder ;  ii.g.s.,  urinogenital  sinus. 

Fig.  11.  Genital  cord  in  6-7  weeks  embryo  (30  mm.),  showing  in 
front  the  urinogenital  sinus  with  eminence  of  Mliller,  below  which 
the  hymen  forms  (T.S.);  s,  urinogenital  sinus;  W,  Wolffian  duct; 
m,  duct  of  Midler. 

Fig.  12.  Genital  cord  immediately  below  that  of  fig.  11  (T.S.) 
shows  urinogenital  sinus  with  Wolffian  ducts  opening  into  it.  This 
is  site  of  future  hymen. 

Fig.  13.  Genital  cord  below  that  of  fig.  12  (T.S.),  to  show  Anlage 
of  H-shape  of  adult  vagina  near  vaginal  orifice ;  urinogenital  sinus  in 
front,  and  behind,  Wolffian  ducts  on  each  side  of  canal  of  coalesced 
Miillerian  ducts. 

Fig.  14.  T.S.  of  6-7  weeks  embryo  to  show  kidney  and  Wolffian 
body.     /,-,  kidney  ;  W.B.,  Wolffian  body. 

Fig.  15.  T.S.  of  6-7  weeks  embryo  to  show  ovary  formed  on  Wolf- 
fian body.     0,  ovary  ;  W.B.,  Wolffian  body. 

Fig.  16.  Vertical  mesial  section  of  foetal  rabbit,  10  mm.,  13th  day, 
to  show  primitive  gut  with  partition  forming  to  divide  off  bladder  and 
rectum,  and  passing  down  to  meet  epidermic  plug  (Eetterer). 

Fig.  17,  Vertical  mesial  section  of  tail  end  of  rabbit,  14th  day, 
showing  division  of  primitive  gut  into  rectum  and  bladder,  and  union 
of  partition  vrith  epidermic  plug  (Eetterer).     e.^?.,  epidermic  plug. 


-S72  1*R   D.    BERKY    HART. 

Fig.  18.  Sagittal  mesial  section  of  human  embryo,  25  mm.,  to  show 
ectodermic  cloaca,  c.l.  (Tourneux). 

Fig.  19.  Development  of  permanent  anus  by  inward  passage  of 
epidermis,  and  central  desquamation  at  about  third  month,  a,  anus ; 
■/",  rectum. 

Fig.  20.  Sagittal  mesial  section  of  three  and  a  half  months  embryo 
to  show  formation  of  prepuce  of  the  chtoris  and  development  of  hymen. 
S  U  G,  urinogenital  sinus  (part  to  form  vestibule);  W.B.,  AYolffian 
bulb;  UR,  urethra;  ep.,  epidermic  plug  to  form  prepuce  {-). 

Fig.  21.  Wolffian  bulbs  ;  note  Wolffian  duct  ending  in  smaller  one. 
W.D.,  Wolffian  duct  (^^'). 

Fig.  22.  Coronal  section  of  pelvis  of  four  and  a  half  months  foetus  in 
line  of  pubic  arch,  to  show  hymen.  Note  two  lateral  parts  of  hymen, 
one  from  each  Wolffian  bulb.     H,  hymen ;  B.^.,  Bartholinian  gland. 

Fig.  23.  Outline  of  formation  of  vagina,  showing  upper  two-thirds 
originating  from  the  ducts  of  Midler,  the  lower  third  from  urinogenital 
sinus  and  Wolffian  bulbs,  ex.,  cervical  canal ;  A,  Mullerian  part ;  B, 
part  derived  from  Wolffian  bulbs  and  urinogenital  sinus. 

Figs.  24  and  25  show  sagittal  mesial  section  of  penis  of  three  and  a 
half  months  foetus.  Fig.  25  shows  epidermis  {a)  passing  in  behind 
fraenum  under  a  higher  power. 

Fig.  26.  Section  of  glans  penis,  showing  formation  of  prepuce  and 
tunnelling  of  glans,  near  full  time,     p,  prepuce ;  ur,  urethra. 

Fig.  27.  Genital  tract  of  Rat  Kangaroo.  K,  kidney;  U,  ureter;, 
C,  cornu;  I.e.,  lateral  canal;  m,  central  part. 

Fig.  28.  Genital  tract  of  Macropus  Benneti  (Brass). 

Fig.  29.  Genital  tract  of  Wombat  (Brass). 

Fi".  30.  Uterus  of  Rat  Kangaroo  to  show  mucous  membrane  (?«), 

Fie.  31.  Genital  cord  of  Rat  Kangaroo.  I.e.,  lateral  canal;  m,. 
central  vagina;  u.r.,  urethra. 

Fig.  32.  Sagittal  lateral  section  of  four  weeks  human  embryo  (10 
mm.)  to  show  Wolffian  body.  Note  apparent  pronephric  tubule  {a) 
at  top  of  Wolffian  body.  Tubules,  glomeruli,  and  duct  of  meso- 
nephros  are  seen.     W.U,  Wolffian  duct. 

Fi«-.  33.  I'ronephric  tubule  of  above. 

Fic'.  34.  Nagel's  diagram  of  urinogenital  organs  in  human  embryo,. 
modified  hy  p)rolongati(m  of  hmer  ends  of  Wolffian  duets.  m.d., 
Midler's  duct ;  w.d.,  Wolffian  duct ;  /r,  Wolffian  body  ;  s.<j.,  Sexual 
gland  ;  w.h..  Wolffian  bulbs. 

Fig.  35.  Ovary  and  tube  of  Rat  Kangaroo,  with  Wollhan  duct  (W) 
in  centre  of  ovary. 


MOBPHOLOGY   OF   THE    HUMAN   URINOGENITAL   TRACT.       373 

Fig.  3G.  Diagram   of   persistent   end-gut    in   new-born  child,     a, 
tmnour  with  himen  ;  }>,  vaginal  entrance ;  c,  labium  majus. 
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CONTRIBUTIONS  TO  THE  PATHOLOGY  OF  THE  BLAD- 
DER AND  URETER— EXTROVERSIO  VESICA  AND 
APPARENT  LOW  IMPLANTATION  OF  THE  URETER 
END.  By  D.  Berry  Hart,  M.D.,  F.R.C.P.  Edin.,  Lecturer 
on  Midwifery  and  Diseases  of  Women,  School  of  the  Royal 
Colleges,  Edinlurgh,  etc.     (Plate  XXXVII.) 

I  WISH  to  consider  more  fully  in  this  communication  two  com- 
paratively rare  malformations — extroversio  vesicae  and  low  im- 
plantation of  the  apparent  terminus  of  the  ureter.  I  had 
alluded  to  the  nature  of  the  former  in  the  preceding  paper,  and 
wish  to  elaborate  that  explanation  more  fully.  The  low  im- 
plantation of  the  ureteric  end  is  much  more  uncommon  than 
extroversion  of  the  bladder,  and  the  explanation  of  its  nature 
also  arises  indirectly  from  the  views  expressed  in  the  same  paper 
as  to  the  fate  of  the  lower  segment  of  the  Wolffian  duct. 

I.  Extroversio  YEsiCiE  and  its  Allied  Lesions^^ 

The  causation  of  extroversion  of  the  bladder,  from  an  embryo- 
logical  point  of  view,  has  attracted  of  late  little  attention  in  this 
country,  despite  the  able  papers  of  Wood  and  of  Champneys,  and 
the  more  recent  work  of  Kolliker,  Graf  Spec,  Lieberkiihn,  Tour- 
neux,  Retterer,  Keibel,  and  others. 

In  prosecuting  a  research  on  the  morphology  of  the  urino- 
genital  tract,  the  question  of  extroversion  of  the  bladder  came 
up,  and  as  some  obscure  points  seem  to  me  to  be  cleared  up  by 
my  own  work,  I  went  into  the  matter  more  fully,  and  now  wish 
to  give  my  results.  The  descriptions  of  the  development  of  the 
bladder  current  in  British  text-books  have  not  sufficiently  noted 
more  correct  views,  and  this  is  an  additional  reason  for  a  recon- 
sideration of  this  subject. 

Through  the  kindness  of  Dr  Champneys,  of  St  Bartholomew's, 
London,  I  obtained  a  coloured  drawing  of  his  valuable  specimen. 
To  Professor  MacEwan,  of  Dundee,  I  am  greatly  indebted  for  a 
photograph  and  cast  of  a  case  in  a  young  boy  under  his  charge. 
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and  also  for  an  interesting  skiagram  of  the  pelvis,  showing  a 
markedly  cleft  condition  at  the  pubes.  So  far  as  I  am  aware, 
this  is  the  first  skiagram  of  this  condition  taken  (figs.  37,  38, 
and  39). 

In  considering  this  matter,  I  purpose  taking  up  the  following 
points : — 

1.  The  anatomy  of  extroversion  of  the  Uadder  and  of  allied  con- 

ditions in  the  same  region. 

2.  The  origin  of  the  bladder  and  the  anatomical  relations  of  the 

cloacal  membrane. 

3.  The  nature  of  extroversion  of  the  bladder  and  allied  condi- 

tions in  the  same  region. 

1.  The  anatomy  of  extroversion  of  the  bladder  and  of  allied 
conditions  in  tlie  same  region. 

In  the  mesial  abdomino-vulvar  region,  from  navel  down  and 
back  to  anterior  margin  of  perineal  body,  we  may  have  a  fissure 
varying  in  depth  and  extent  from  a  mere  cutaneous  cicatrix, 
or  a  dehiscence  of  the  abdominal  walls  laying  bare  the  anterior 
aspect  of  the  bladder,  to  one  where  the  posterior  wall  of  the 
bladder  and  urethral  walls  are  exposed  and  the  pelvis  cleft 
anteriorly  ;  while  between  these  extremes  we  may  have  varying 
amounts  of  epispadias  and  bladder  exstrophy.  As  is  often  the 
case  in  malformations,  others  of  a  dissimilar  nature  may  be 
present. 

The  most  marked  form  of  the  lesion  is  that  known  as  extro- 
version of  the  bladder,  often  associated  with  epispadias  and  cleft 
pelvis,  and  it  is  this  I  wish  specially  to  consider  at  present. 

I  shall  describe  therefore  (1)  an  ordinary  case  of  extroversion 
in  an  adult  woman;  (2)  one  in  a  neivly-born  female  child;  (3) 
one  in  a  newly-born  male  child. 

(1)  Extroversion  of  the  bladder  in  an  adult  ivoman. 

Klein's  case,  which  I  summarise,  is  interesting,  as  the  patient 
became  pregnant  and  bore  a  healthy  child. 

The  navel  was  not  present  in  this  case,  the  bladder  was  extro- 
verted— i.e.,  its  posterior  aspect  was  exposed  in  the  region  of 
the  space  between  the  pubic  ends.     The  exposed  bladder  surface 
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measured  5  cm.  x  3-5  cm.,  and  from  the  ureters  urine  passed  in 
occasional  jets.  Below  this  the  posterior  urethral  wall  was 
exposed,  5  cm,  broad  by  1  cm.  long. 

The  vaginal  entrance  was  transverse,  with  the  anterior  vaginal 
wall  projecting.  The  labia  majora  and  minora  were  separated 
above  and  below ;  the  clitoris  was  absent,  but  may  have  been 
represented  by  traces  at  the  upper  ends  of  the  nymphse.  The 
pelvis  was  split  at  the  symphysis,  the  ends  being  9-5-10  cm. 
apart. 

This  is  a  fairly  typical  case  in  an  adult  woman  who  passed 
through  a  normal  pregnancy  and  an  almost  normal  labour. 

Klein  gives  a  table  of  seven  labours  with  this  anomaly,  but 
probably  some  have  not  been  recorded. 

In  almost  all  the  cases  the  perineum  gave  trouble  requiring 
incision,  and  forceps  had  to  be  applied  to  the  head. 

I  do  not  consider  the  question  of  the  split  pelvis.  It  is 
important  to  note,  however,  that  fascia  unites  the  separated  ends 
in  most  instances.  In  cases  of  this  anomaly  not  surviving  birth, 
or  dying  soon  after,  the  lesions  are  often  associated  with  others 
not  necessarily  depending  on  the  extroversion. 

Champneys  has  published  a  very  ably  recorded  case  with  some 
special  points  of  interest,  in  an  infant  which  died  a  month  after 
birth.    It  was  a  female  child,  and  had  extroversion  of  the  bladder, 
no  navel  nor  urethra,  and  prolapsus  recti  was  present.     The 
special  feature  was  that  two  openings  lay  below  the  ureteric 
ones,  and  these,  on  post-mortem,  were  found  to  open  into  the 
vagina.    Uterus  and  ovaries  were  present.    Champneys  describes 
these  two  openings  as  jVIiillerian,  but  I  think  they  can  be  more 
accurately  held  to  be  the  lower  ends  of  the  Wolffian  ducts.     In 
the  paper  on  the  morphology  of  the  human  urinogenital  tract, 
already  alluded  to  (see  the  preceding  paper),  I  attempted  to 
shew  that  the  hymen  was  derived  from  the  Wolffian  ducts, 
and  that  the  upper  two- thirds  of  the  vagina  alone  were  Milller- 
ian,  the  lower  third  being  made  up  of  blended  urinogenital  sinus 
and  Wolffian  ducts.     In  Champneys'  case  we  have  the  urino- 
genital sinus  cleft  in  front,  and  the  ducts  exposed  as  they  lie  in 
that  sinus  about  the  second  month  of  intrauterine  life.     The 
opinion  Champneys  adopts — viz.,  that  they  are  Miillerian — was 
the  only  one  possiljle  at  the  time  his  paper  was  written  (fig.  37). 
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-  A  full  and  accurate  account  of  the  other  features  of  the 
interesting  case  is  given,  but  they  do  not  call  for  remark  at 
present. 

Opitz  has  recently  published  a  similar  case.  He  does  not 
state,  however,  the  relation  to  the  vagina  of  the  two  ducts  I 
have  considered,  to  be  Wolffian. 

An  interesting  and  analogous  case  in  a  male  child  has  been 
recently  published  by  v.  Steinblichel.  Here  there  were  also 
two  openings  below  the  ureter  as  in  Champneys'  case,  the 
openings  of  the  ejaculatory  ducts.  This  confirms  the  view  of 
these  openings  I  have  taken  in  Champneys'  case,  and  satisfies 
the  analogy  I  attempted  to  establish  between  the  lower  ends  of 
the  ejaculatory  ducts  and  that  of  the  lower  third  of  the  vagina, 
as  well  as  the  analogy  between  colliculus  seminalis  and  hymen. 

Above  the  ureteric  openings  were  two  slits  communicating 
with  malformed  bowel,  v.  Steinbtichel  discusses  this  carefully, 
but  an  exact  explanation  of  this  special  anomaly  is  difficult  to 
give.  Many  authors  have  drawn  attention  to  the  fact  that 
in  extroversion  of  the  bladder  it  looked  as  if  there  were  two 
halves  separated.  The  apparent  cause  of  this  will  be  considered 
afterwards. 

To  understand  such  an  interesting  anomaly  as  extroversio 
vesicae  we  must  now  consider 

2.  The  origin  of  the  bladder  and  the  anatomical  relations  of  the 
cloacal  or  anal  memhrtne. 

The  bladder  is  usually  but  erroneously  described  as  originat- 
ing entirely  from  the  allantoic  stalk — i.e.,  from  the  part  of  the 
allantois  supposed  to  be  pelvic.  Allen  Thomson's  diagram, 
fig.  10,  shews  this  view  well.  As  the  allantois  is  a  diverticulum 
or  growth  from  the  gut,  and  if  there  be  no  stage  earlier  than 
what  this  diagram  represents,  it  is  an  exceedingly  good  explana- 
tion of  bladder  origin.  It  pictures  the  lower  end  of  the  allantois 
coming  off  from  the  lower  end  of  the  gut  in  the  pelvis,  its  lower 
pelvic  part  forming  the  urinogenital  sinus,  the  upper  pelvic 
part  the  bladder,  and  the  uppermost  part  the  urachus  running 
up  in  the  abdominal  wall  to  the  navel.  One  often  sees  the 
urachus  like  a  narrow  piece  of  tape  in  the  abdominal  wail  during 
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abdomiual  sections.  The  Wolffian  ducts  thus  open  into  the 
stalk  of  the  allantois,  according  to  this  view  of  bladder  origin.  In 
regard  to  the  allantois  of  the  human  embryo,  we  now  know  that 
there  is  no  vesicular  or  free  part,  as  in  some  of  the  lower 
mammals,  or  in  the  chick.  The  existence  of  the  urachus,  or  of 
patent  urachus,  with  its  necessary  bladder  connection,  shews, 
however,  that  the  allantois  takes  a  certain  part  in  bladder 
formation,  but  the  valuable  diagram  of  Allen  Thomson,  which 
has  so  long  illustrated  our  anatomical  text-books,  indicated  a 
comparatively  late  stage  of  bladder  development — about  the 
seventh  week — where  the  bladder,  urinogenital  sinus,  and 
rectum  have  been  formed  after  prior  changes  then  unknown 
(fig.  10,  PL  XXXV.). 

This  view  was  first  controverted  by  Eathke  in  1832,  but 
received  its  death-blow  from  the  work  of  Lieberkiihn  and  Keibel. 

I  have  not  as  yet  had  access  to  Lieberkilhn's  memoir,  and 
therefore  take  Keibel's  monograph.  The  guinea-pig  has  only  a 
transient  allantois,  and  develops  its  bladder  when  no  allantois 
is  present.  Further,  transverse  sections  of  the  caudal  end  of 
the  guinea-pig  shew  that  the  primitive  gut  at  this  end  becomes 
divided  by  coronal  folds  into  an  anterior  and  posterior  cavity, 
from  the  former  of  which  the  bladder  and  urinogenital  sinus 
arise.     A  peritoneal  duplicature  completes  the  separation. 

The  same  is  found  to  happen  in  the  human  embryo.  For 
the  study  of  the  facts  bearing  on  the  development  in  the  human 
embryo,  we  may  take  Graf  Spec's  embryo,  2  mm.  in  length,  and 
three  specially  considered  by  Keibel — viz.,  E.B.,  His'  embryo, 
3  mm. ;  a  second  one,  HsJ.,  3*2  mm. ;  and  a  more  advanced 
one,  Hsf.,  6'5  mm. 

Graf  Spec's  requires  to  be  considered  from  the  dorsal  aspect 
and  also  in  sagittal  mesial  section. 

On  viewing  the  dorsal  aspect  with  the  amnion  removed,  we 
see  posteriorly  the  body  stalk,  then  comes  the  primitive  groove 
(two  ridges  with  the  primitive  streak  between),  while  the 
neurenteric  canal  lies  at  the  anterior  margin  of  the  primitive 
groove.  The  primitive  streak  is  present  as  an  ectodermic 
thickening  (fig.  4,  PL  XXXV.). 

This  diagram  shews  clearly  that  the  neurenteric  canal  is  a  com- 
munication between  entoderm  and  ectoderm,  running  between 
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yolk  sac  and  amniotic  cavity  through  the  medullary  plate.  The 
rudimentary  allantoic  stalk  is  seen  passing  from  yolk  sac  into 
body  stalk,  but  of  a  bilateral  development  of  the  allantois  we 
have  no  evidence  in  the  human  embryo  (figs.  1,  4,  6-9). 

By  a  ventral  unfolding  of  the  blastodermic  edge  towards  the 
future  navel,  we  get  the  primitive  gut  formed,  and  this  accord- 
ingly gives  the  area  of  the  neur enteric  canal  a  ventral  position 
-^-i.e.,  it  is  converted  into  part  of  the  anterior  boundary  of  the 
primitive  gut — the  cloacal  membrane. 

This  is  well  displayed  in  Keibel's  model  of  His'  embryo  E.B., 
{fig.  1)  3  mm.  long,  and  in  the  embryo  HsJ.,  4*2  mm.  long. 

We  see  here  the  caudal  division  of  the  primitive  gut,  with  the 
"Wolffian  duct  opening  into  what  will  be  its  anterior  bladder 
division  (HsJ,  and  Hsf.).  There  are  two  parts  of  this  caudal 
primitive  gut — (1)  the  end-gut,  which  withers,  and  (2)  the 
portion  between  the  future  navel  and  end-gut  known  as  the 
entodermal  cloaca.  This  is  the  gut,  undivided  as  yet,  from 
which  bladder  and  bowel  are  to  arise.  Lateral  folds,  and  in  all 
probability  a  peritoneal  vertical  dip,  divide  off  the  primitive 
gut  into  bladder  in  front  and  bowel  behind,  as  in  the  guinea- 
pig  (figs.  6-9).  As  the  Wolffian  ducts  open  into  the  bladder 
division,  we  understand  how,  after  the  ureter  has  budded  off 
from  the  Woffian  duct  (Hsf.),  and  the  trigone  of  the  bladder 
developed  at  their  junction,  we  get  the  ureter  opening  into 
the  bladder  and  the  Wolffian  ducts  into  the  sinus  lower  down. 
The  after  developtnetit  of  the  Midlerian  ducts  in  the  female 
carries  the  WolJ)ian  openimjs  further  down  to  form  the  hymen. 
The  bladder  is  thus  developed  in  the  main  from  primitive  gut, 
only  its  apex  being  allantoic. 

A  very  important  point  as  to  the  anterior  boundary  of  the 
entodermal  cloaca  now  requires  description.  This  is  known  as 
the  cloacal  membrane,  and,  as  was  first  pointed  out  by  KoUiker, 
and  afterwards  confirmed  by  others,  it  has  at  one  time  no 
mesoblast,  and  is  thus  a  part  structurally  weak.  The  upper 
boundary  of  this  membrane  is  the  navel,  and  its  lower  the 
junction  of  end-gut  and  entodermal  cloaca.  In  the  adult  this 
lower  point  is  on  the  perineal  body  in  front  of  the  anus,  as  in 
a  rare  malformation,  viz.,  persistent  end-gut  in  a  female  child  ; 
I  found  this  part  of  the  gut  attached  to  skin  in  front  of  the 
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anus  (fig.  18,  preceding  paper,  p.  364).  In  the  adult,  there- 
fore, the  cloacal  membrane  is  represented  by  the  mesial  region 
from  navel  back  to  perineal  body — the  anterior  boundary  of 
bladder,  pubes,  urethra,  and  vestibule.  We  have  now  to 
discuss  the  significance  of  the  neurenteric  canal  and  of  the 
cloacal  membrane.  Kowalewsky  was  the  first  to  shew  that 
in  the  echinodermata  a  free  swimming  larval  form  was  formed 
by  an  invagination  of  ectoderm,  and  that  we  thus  got  a  two- 
layered  condition — ectoderm  and  entoderm — with  the  blastopore 
of  Lankester  as  evidence  of  invagination.  This  form  is  known 
as  the  gastrula,  and  the  process  I  have  described  as  gastrula- 
tion.  Haeckel's  gastrea  theory — viz.,  that  in  higher  animals 
we  would  have  the  same  process — has  been  amply  confirmed, 
and  the  neurenteric  canal  in  the  human  embryo  may  be  regarded 
as  a  variety  of  gastrulation.  Selenka  has  found  conditions 
exactly  similar  to  those  of  Graf  Spee's  embryo  in  the  Bornean 
gibbons  (figs.  2,  3,  and  4). 

The  cloacal  membrane  is  practically  derived  from  the  blasto- 
pore or  neurenteric  canal  i.e.,  the  dorsal  area  with  neurenteric 
canal  as  in  Graf  Spee's  embryo,  by  a  ventro-caudal  infolding, 
becomes  cloacal  membrane,  or  boundary  between  the  entoderm 
of  the  entodermal  cloaca  and  the  ectoderm,  and  having  in  its. 
structure  at  one  time  both  these  layers  but  no  mesoderm. 

This  leads  us  now  to  consider — 

3.  The  nature  of  extroversions  of  the  bladder  and  allied 
conditions  in  the  same  region. 

Many  explanations  have  been  advanced  as  to  bladder  extro- 
versions. I  need  only  briefly  discuss  two  before  proceeding 
to  indicate  the  explanation  afforded  by  what  has  already  been, 
stated.  Champneys'  paper  should  be  consulted  for  a  full 
discussion  of  all  the  views. 

Professor  Wood,  of  King's  College,  London,  held  that  the 
bladder  was  allantoic  in  origin.  The  allantois  had  its  vascular 
layer  (mesoderm)  and  mucous  layer  (endoderm).  A  varying 
amount  of  an  "inflammatory  change  or  adhesions  or  some 
degenerative  process  ....  such  as  syphilis,"  he  believed,  ac- 
counted for  the  varieties  of  this  lesion.     Wood's  explanation  waa 
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excellent  and  the  only  one  possible  for  the  knowledge  of  the 
time  then. 

Another  explanation  is  that  of  Durand,  based  on  Tourneux's 
work.  It  is  discussed  by  Ballantyne  in  his  paper  on  so-called 
epispadias  in  women,  and  seems  to  me  inadequate.  A  similar 
theory  is  advanced  by  Shattock. 

The  best  explanation  of  extroversion  is  afforded  by  the  facts 
now  known  as  to  bladder  development  and  the  cloacal  mem- 
brane. The  bladder  in  the  human  female  is  not  developed  from 
allantois  except  at  its  apex,  but  is  derived  along  with  the 
urinogenital  sinus  from  the  anterior  division  of  the  entodermal 
cloaca.  This  cloaca  has  the  cloacal  membrane  as  its  anterior 
boundary,  and  as  this  boundary  has  no  mesoderm  at  one  period, 
it  may  yield  or  cleave.  This  yielding,  if  complete,  necessarily 
exposes  all  that  is  derived  from  the  anterior  primitive  gut 
division — viz.,  bladder,  urinogenital  sinus,  lower  third  of  vagina 
as  in  Champneys'  case.  Less  degrees  of  fissure  in  linear  extent 
or  depth,  give  the  other  lesions.  These  are  therefore  explained, 
as  Keibel  has  so  well  shown,  by  the  actual  development  of 
the  parts  plus  some  bursting  or  dilating  cause  which,  if  it  does 
occur  (and  of  that  we  have  as  yet  no  proof),  must  do  so  at  an 
early  period  of  embryonic  life. 

We  might  also  regard  extroversion  as  a  persistent  blastopore, 
and  for  this  view  a  good  deal  can  be  said  both  for  and  against. 

My  own  special  points  have  been  (1)  the  identification  of  the 
posterior  end  of  the  cloacal  membrane  in  the  embryo  with  a 
point  in  front  of  the  anus  in  the  adult,  and  (2)  the  proof  that 
in  certain  cases  (Champneys'  and  Opitz')  the  lesion  is  formed 
prior  to  the  complete  formation  of  the  vagina,  and  we  thus  see 
its  component  parts — viz.,  upper  two-thirds  Miillerian,  and  lower 
third,  urinogenital  sinus  with  Wolffian  ducts.  In  adult  cases 
this  differentiation  is  not  seen,  as  the  vagina  is  usually 
developed  normally. 

II.  On  Apparent  Low  Implantation  of  the  Ureteric 

Opening. 

A  few  remarkable  cases  have  been  recorded  where  incontin- 
ence of  urine  in   the   human   female  has  been  due   to  what 
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seemed  to  be  the  lower  ureteric  opening  ending  not  in  the 
bladder  but  on  the  vestibule  near  the  uretliral  or  hymeneal 
edge,  and  on  one  side  usually.  The  cause  of  this  apparent  low 
implantation  has  been  disputed,  the  ditficulty  being  to  settle 
whether  the  part  below  the  bladder  is  ureteric  or  part  of  a 
persistent  Wolffian  duct.  I  purpose  in  considering  this  question 
to  summarise  briefly  some  of  the  most  recently  recorded  cases, 
and  to  discuss  the  opposing  views. 

Baker  in  1878  narrated  an  interesting  case  where  incontinence 
of  urine  was  due  to  a  minute  opening  two  lines  below  and  to 
the  left  of  the  lower  angle  of  the  meatus  urinarius.  When 
this  was  laid  open,  a  tube,  apparently  the  ureter,  was  found. 
This  was  dissected  out  from  the  anterior  vaginal  wall,  cut  off 
at  a  proper  level  and  successfully  sutured  into  the  bladder. 

He  also  quotes  similar  cases  in  the  practice  of  Dr  J.  B.  S. 
Jackson  of  Boston,  and  of  Dr  Emmet  of  New  York. 

Dr  Davenport  of  Boston  recorded  in  1890  a  case  almost 
identical  with  the  above,  but  in  the  vagina  was  noted  a 
ridge  on  the  anterior  wall  which  could  be  traced  from  below 
and  to  the  right  of  the  cervix  down  to  within  an  inch  behind 
the  meatus.  At  the  edge  of  the  urethral  orifice  and  below  it 
there  was  a  heart-shaped  papilla,  with  a  small  aperture  from 
which  urine  issued. 

The  ridge  above  mentioned  was  now  cut  across  at  its  lower 
end,  the  tube  dissected  out  and  turned  into  the  bladder  with 
ultimate  success. 

A  very  important  case  is  that  of  von  Massari.  The  patient 
was  a  four-year-old  girl,  and  had  been  operated  on  for  atresia  ani 
vaginalis.  Afterwards  incontinence  of  urine  was  complained  of, 
although  it  had  of  course  previously  existed,  and  no  satisfactory 
explanation  could  be  found  for  it.  The  child  died  from  sepsis 
after  a  second  operation  for  the  preternatural  anus,  and  on 
sedio  an  interesting  condition  was  found.  The  kidneys  were 
fused,  and  the  left  part  markedly  atrophied.  The  right  ureter 
opened  normally  in  the  bladder,  but  the  left  passed  at  the  neck 
of  the  bladder  to  the  left  side  of  the  anterior  vaginal  wall  and 
ended  at  the  vestibule  by  a  minute  opening  in  a  fold  of  the 
prepuce.  The  vagina  was  double,  with  a  small  communication 
between  the  two  halves  at  the  top,  as  one  often  finds. 


PATHOLOGY  OF  THE  BLADDER  AND  URETER.       385 

Benckiser  records  two  cases.  In  the  first  the  lower  ureteric 
opening  was  originally  outside  and  below  the  urethral  orifice. 
After  two  operations  by  ligature  by  Sanger,  a  fistula  formed  in 
the  upper  third  of  the  vagina  and  to  the  right  side.  Implanta- 
tion into  the  bladder  was  refused. 

Benckiser's  second  case  is  interesting,  as  the  lower  opening  of 
the  ureter  was  immediately  below  the  urethral  orifice.  This 
was  sounded  with  difficulty,  until  by  temporary  closure  of  the 
orifice  the  tube  became  dilated.  The  ureteric  sound  could  then 
be  passed  to  the  level  of  the  linea  innominata.  The  kidney  was 
somewhat  deep,  and  on  cystoscopic  examination  two  ureteric 
orifices  were  found  in  the  bladder.  Benckiser  believes  there 
was  thus  a  third  ureter,  but  this  does  not  quite  follow.  On 
operation  he  removed  the  lowest  part  of  the  abnormal  ureter, 
and  thus  turned  the  lower  aperture  of  the  remaining  part  into  the 
bladder.  Microscopically  the  portion  removed  was  found  to  be 
ureter  in  structure. 

I  postpone  consideration  of  Benckiser's  explanations  of  his 
cases  to  a  subsequent  part  of  this  paper. 

The  last  paper  is  by  Olshausen,  who  records  two  cases.  In 
the  first,  a  girl,  ten  years  old,  the  abnormal  opening  was  to 
the  right  of  the  hymen.  The  right  ureteric  opening  was  not 
present  in  the  bladder.  In  the  second  case,  a  girl  of  fifteen,  the 
lower  opening  lay  to  the  right  and  a  little  below  the  urethral 
orifice.  After  several  attempts  the  patient  was  cured  by  turn- 
ing the  ureter  into  the  bladder. 

The  excised  portions  were  found  structurally  to  be  ureter. 

Benckiser  states  tliat  Schwarz  had  collected  25  cases  of 
abnormal  opening  of  the  ureter,  and  23  where  the  ureter  ended 
blindly. 

Olshausen  draws  attention  to  valuable  papers  by  Tangl  and 
Seycheron. 

Tangl's  case  is  interesting,  as  the  left  ureter  and  WolfQau 
duct  ended  blindly,  close  to  one  another,  in  the  anterior  vaginal 
wall.  Seycheron's  paper  gives  a  very  full  resumt^  of  cases  of 
ureteric  anomalies,  and  discusses  the  causes  fully. 

In  the  typical  case  of  apparent  abnormal  low  opening  of  the 
ureter,  the  orifice  is  near  the  urethral  orifice  or  hymen  edge : 
in  one   case  (von    Massari)  it    was   on    the   left   edge  of   the 
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prepuce.  Usually  the  ureteric  openincr  in  the  bladder  is  not 
found  on  the  same  side,  but  in  one  of  Benckiser's  cases  both 
ureteric  openings  were  found  in  the  bladder. 

Practically  the  following  explanations  may  be  considered  in 
cases  where  there  is  an  apparent  vestibular  ureteric  opening. 

(1)  The  abnormal  tube  is  due  to  the  persistewe  and  patency  of 
the  lower  part  of  the  Wolffian  duct,  and  to  the  persistence  of  the 
original  communication  between  it  and  the  ureter. 

(2)  The  abnormal  tube  is  ureter  entirely,  with  its  lower  end 
displaced  down. 

Explanation  (1)  involves  the  persistence  of  the  lower  part 
of  the  AVolffian  duct,  and  thus  the  question  is  raised  as  to  the 
course  of  the  lower  part  of  this  duct. 

At  the  sixth  to  seventh  week  the  Wolffian  ducts  open  into 
the  urinogenital  sinus  below  the  eminence  of  Miiller — i.e.,  below 
where  the  ducts  of  Miiller  end  blindly  (fig.  12),  and  after 
this  the  vagina  develops  more  markedly.  Nagel  has  stated 
strongly  that  the  lower  ends  of  the  Wolffian  ducts  atrophy 
after  this  stage.  His  words  are,  "  Mit  dem  Beginn  dieser 
selbstandigen  Entwickelungsperiode  der  Scheide  "  (bei  Embry- 
onen  von  2-5  cm.  bis  3  cm.  Eumpfliinge)  "veroden  die 
Woltfschen  Giinge  und  schwinden  immer  niehr  "  (S.  99  and  98). 
Nagel  is  such  an  able  and  conscientious  investigator  that  his 
statement  has  seemed  to  many  to  render  the  explanation  we 
are  considering  untenable.  I  believe,  however,  that  Nagel  is 
wrong  in  his  statement,  and  for  the  following  reasons: — 

I  have  been  able  to  trace  in  the  female  fretus  at  the  3^  months, 
the  Wolffian  duct  ta  the  developing  hymen,  and  have  shown 
that  the  lower  ends  of  these  ducts  develop  the  hymen  (fig.  21). 

Thus  these  apparently  abnormally  low  ureteric  openings  are 
really  due  to  the  persistence  of  the  lower  end  of  Gartner's  canal  and 
of  its  original  communication  with  the  ureter.  The  following  is  a 
brief  recapitulation  of  the  developmental  stages  concerned. 

The  Wolffian  duct  iu  the  3-2  mm.  foetus  opens  into  the 
anterior  part  of  the  undivided  primitive  gut.  From  the  Wolffian 
duct  the  ureter  buds  off  and  grows  up  and  back  to  develop  the 
ureter  and  kidney  probably  as  fur  as  the  extre  mity  of  the  straight 
tubules  (fig.  5).  If  the  Wolffian  duct  remains  patent  and  per- 
sists in  its  lower  part  after  developing  the  hymen  at  the  third 
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month,  and  if  the  ureteric  communication  with  it  continues,  we 
thus  get  the  apparent  lower  ureteric  end  at  the  outer  edge  of 
the  urethral  orifice— e.^.,  at  the  hymeneal  edge.  The  ureter  may 
also  open  into  the  bladder,  or  it  may  not. 

In  von  Massari's  case  the  course  of  the  lower  part  of  the 
alleged  ureter  is  exactly  that  of  a  persistent  Wolffian  duct. 

Amand  Eouth  has  come  to  the  same  opinion  in  regard  to 
the  Wolffian  duct  alone — viz.,  that  it  may  persist  "  to  the  vesti- 
bulnm  vulvai"  (p.  167). 

Explanation  (2),  that  the  whole  tube,  with  its  low  aperture, 
is  ureteric,  is  of  course  possible,  but  is  unlikely.  It  would  in 
such  a  case  not  be  the  usual  malformation,  a  permanent  tempo- 
rary stage  as  in  view  (1),  but  an  inexplicable  abnormality. 

The  following  is  a  resume  of  the  points  bearing  on  view  (1) : — 

1.  The  Wolffian  ducts  persist  normally  in  the  lower  third 
of  the  vagina  at  the  third  and  a  half  month  of  fcetal  life,  and 
develop  the  hymen  at  their  lower  ends. 

2.  The  Wolffian  ducts  between  the  epoophoron  (parovarium) 
and  hymen  usually  atrophy  in  the  adult. 

3.  The  Wolffian  duct  may  alone  persist  and  end  near  the 
hymen  (Amand  Routh). 

4.  If  it  persist,  have  a  patent  lower  opening,  and  the  original 
communication  between  it  and  the  ureter  remain,  we  get  the 
anomaly  of  apparent  low  implantation  of  the  ureter  explained. 


DESCRIPTION  OF  PLATE  XXXVII. 

Fig.  37.  Extroversio  vesicse :  Champney's  case,  reduced  by  J  from 
drawing  by  G.  T.  Gwilliam  (original  drawing  in  St  Bartholomew's 
museum).  N,  navel ;  B,  extroverted  bladder ;  Urt,  ureter,  natural 
size  ;  left  shows  amount  of  dilatability  ;  V,  two  openings  into  vagina ; 
F,  blind  fossa,  entirely  posterior  to  vagina ;  X',  left  nympha ;  Z, 
labium  majus ;  P,  perineum ;  R,  rectum  prolapsed. 

Fig.  38.  Extroversio  vesicae  in  boy,  case  of  Professor  MacEwan, 
Dundee ;  the  penis  drawn  down  to  show  epispadias ;  B,  extroversio 
vesicae. 

Fig.  39.  Diagram  of  skiagram  to  show  cleft  pelvis  of  above  case ; 
dotted  line  shows  soft  parts. 
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OSTEOLOGY  OF  THE  PENGUINS.  By  Dr  E.  W.  Shufeldt, 
C.M.Z.S.,  M.A.O.U.,  Memb.  Soc.  of  Amer.  Anatomists,  &c. 
(Plate  XXXVIII.) 

In  my  provisional  classification  of  the  group  or  class  AvES,  the 
Penguins  occupy  the  following  place  in  the  scheme,  viz. : — 

Supersuborder  III. :— APTENODYTIFORMES. 
Suborder  : — Impennes. 
Family : — Spheniscidce. 

The  literature  of  the  anatomy  of  Penguins  has  been  enriched 

from  time  to  time  by  some  very  excellent  papers  and  memoirs. 

Not   a    few  of  these   have  been   examined    by  me,  but  more 

•especially  the  one  on  "  The  Spheniscidse,"  by  Professor  Morrison 

Watson  {Zoology,  Voy.  '  Challenger,'  pt.  xviii.) ;  the  one  by  Dr. 

Coues,  entitled  "  Material  for  a  Monograph  of  the  Spheniscidse  " 

(Proc.  Ac.  Nat.  Sci.  PUla.,  1872,  pp.  170-212) ;  and  the  article 

"  Penguin,"  by  Professor  Newton,  in  his  Dictionary  of  Birds 

(pt.  8,  p.  705).     Other  worthy  contributions  to  the.i^ubject  are 

by  MM.  Paul  Gervais  and  Alix  {Jour,  de  Zool.,  187V,  pp.  424- 

470);  M.  Filhol  {Bull.  Soc.  Philomath,  ser.  7,  vi.,  pp.  226-248); 

and  particularly  the  one  by  Professor  Alphonse  Milne-Edwards 

in  the  Annates  des  Sciences  JSfaturelles,  1880  (vol.  ix.  art.  9,  pp. 

23-81).      I  have  also  read  the  paper  by  Dr  Sclater  upon  A. 

forsteri  and  A.  2Jenna7iti  {Ibis,  1888,  pp.  325-334),  where  figures 

of  the  skulls  and  sterna  of  those  species  are  given. 

As  material,  I  have  before  me  fine  skeletons  of  Aptenodytes 
jpcnnantii,  Spheniscus  demersus,  and  others,  all  belonging  to  the 
collections  of  the  U.S.  National  Museum.  These  I  have  thoroughly 
studied  and  compared  with  all  the  available  literature  upon  the 
subject,  and  have  become  convinced  not  only  of  the  low  mor- 
phological rank  of  the  Impennes,  as  contrasted  with  other 
Ornithurce,  but  of  the  marked  difficulty  that  attends  the  deci- 
phering the  affinities  of  this  extremely  old  and  decidedly 
isolated  suborder  of  birds. 
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In  his  scheme  of  the  classification  of  birds,  Furbringer  awards 
them  a  suborder,  and  places  them  between  two  other  suborders, 
the  first  containing  the  Petrels,  and  the  last  the  Ichthyornithi- 
formes ;  in  other  words,  between  the  Tiibinares  and  the  extinct 
cretaceous  ichthyonine  birds. 

Steineger  has  said :  "  Little  is  known  as  yet  as  to  the  geo- 
logical history  of  the  penguins,  except  that  it  dates  back  to  the 
upper  eocene  at  least,  since  fossil  bones  (humerus,  coracoids, 
and  metatarsus)  of  a  gigantic  form,  Falcceudyptes  antarcticus, 
have  been  found  in  strata  of  that  age  in  Xew  Zealand.  This 
form  stood  from  six  to  seven  feet  high,  or  higher  than  an 
average  man  !  We  have  here  a  distinct  evidence  of  the  great 
age  of  the  group,  as  might  also  be  inferred  from  their  remote- 
ness from  all  other  known  birds.  Their  relations  seem  to  be 
with  the  other  schizognathous  Natatores,  rather  than  with  any 
other,  but  the  exact  affinities  are  very  obscure." 

In  a  footnote  to  the  article  "  Penguin ''  in  his  Dictionary  of 
Birds  (p.  704),  Professor  Newton  has  said  :  "  Though  I  cannot 
wholly  agree  with  Professor  Watson's  conclusions,  his  remarks 
(pp.  230-232)  on  the  '  Origin  of  the  Penguins '  are  worthy  of  all 
attention.  He  considers  that  they  are  the  surviving  members 
of  a  group  that  branched  otf  early  from  the  primitive  '  avian ' 
stem,  but  that  at  the  time  of  their  separation  the  stem  had 
diverged  so  far  from  reptiles  as  to  possess  true  wings,  though 
the  metatarsal  bones  had  not  lost  their  distinctness  and  become 
fused  into  the  single  bone  so  characteristic  of  existing  birds. 
The  ancestral  Penguins,  he  argues,  must  have  had  functional 
wings,  the  muscles  of  which,  through  atrophy,  have  been  con- 
verted into  non-contractile  tendinous  bands,  and  this  view 
agrees  practically  with  that  taken  by  Professor  Fiirbringer  and 
Dr  Gadow." 

There  remains  but  one  family  of  Penguins  in  existence,  so  far 
as  known, — the  Spheniscidm  (or  Aptenodytidce).  To  indicate 
their  low  morphological  rank  and  their  great  age  in  geological 
times  in  a  tabular  or  linear  scheme  of  classification,  1  place 
them  after  the  supersuborder  Odontuholcece.  In  doing  this,  how- 
ever, their  extreme  isolation  as  an  aquatic  group  of  birds  must 
be  borne  in  mind. 

There  are  at  least  four  good  genera  of  Penguins  known,  and 
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it  is  not  likely  that  many  others  will  be  added  to  them.     These 
genera  are  Aptenodytes,  Eudyptes,  Pygosceles,  and  Spheniscus. 

The  work  done  by  Professor  Watson  is  so  excellent  and  so 
thorough  that  it  leaves  but  very  little  to  be  said  in  the  pre- 
mises ;  what  he  did,  too,  is  based  upon  more  ample  material 
than  I  have  at  my  command  at  the  present  time,  so  that  the 
most  to  be  set  forth  in  this  work  are  the  main  impennine  osteo- 
locfical  characters  which  these  birds  exhibit,  and  which  define 
the  group  as  a  distinct  suborder,  as  well  as  indicate,  in  so  far 
as  their  osteology  is  concerned,  upon  what  the  single  family 
Spheniscidm  is  based. 

The  Skull. — Although  possessing  a  number  of  characters  in  com- 
mon, the  skulls  of  these  four  genera  named  above  are  strikingly 
different,  showing  a  far  greater  difference,  indeed,  than  do  the 
skulls  of  the  representatives  of  different  families,  as  they  have  been 
defined  for  other  avian  groups.  But  Penguins  possess  many 
very  extraordinary  characters  in  common,  which  characters  are 
not  found  in  other  birds ;  and  when  this  is  the  case,  little  regard 
is  paid  to  the  variance  among  the  skulls,  and  the  forms  are 
commonly  restricted  to  one  family,  with  a  few  genera. 

In  Aptenodytes  the  superior  mandible  is  very  long,  narrow,  and 
tapering,  being  gently  decurved  distally.  The  sutures  of  the 
elongated  nasal  bones  are  easily  traced,  and  the  proximal  ends 
of  the  nasal  processes  of  the  intermaxillaries  are  free  and  dis- 
tinct. Long  and  narrow,  either  narial  opening  extends  far 
towards  the  mandibular  apex.  Upon  the  under  side  of  this 
beak  there  is  a  long  mesial  vacuity  extending  from  the  base  of 
the  vomer  behind  to  a  point  forwards  opposite  the  anterior 
terminations  of  the  narial  apertures.  In  Spheniscus  the  superior 
osseous  mandible  is  thick,  and  more  or  less  massive  like  the  rest 
of  the  skull  of  this  Penguin.  It  is  in  length  but  a  little  longer  than 
the  cranium  proper,  and  its  apex  is  sub-abruptly  deflected.  From 
side  to  side,  it  is  more  or  less  compressed  anteriorly,  while  all 
traces  of  the  various  sutures  of  the  nasal  bones  are  obliterated 
in  the  adult.  Viewing  the  cranium  upon  its  superior  aspect, 
we  find  it  flattened,  and  but  moderately  rounded  off  at  the 
sides.  The  fronto-interorbital  space  is  never  very  wide,  and 
the  large,  superorbital  glandular  fossae  are  always  conspicuously 
developed.      Posteriorly,  in  all  Penguins  the  'cerebellar  prom- 
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iuence '  is  well  developed,  and  raised  as  a  vertically  elongated 
dome  on  the  brain-case  proper.  Most  peculiar  is  the  occipital  crest 
•or  ridge ;  it  being  not  especially  well  defined  in  Ajjteoiodytes, 
though  strong  enough  to  bound  the  occipital  area.  In  S]3Tien- 
iscus  so  remarkably  deep  are  the  crotaphite  fossa:  at  the  sides 
of  the  cranium,  that  not  only  the  occipital  crests  stand  out  as 
free  laminte  of  bone,  but  the  aforesaid  crotaphite  fossae  even 
appear  to  undermine  the  very  plane  of  bone  that  in  most  birds 
■constitutes  the  occipital  area  itself,  and  this  is  continuous  with 
the  cristal  portion.  As  pointed  out  by  Watson,  the  basis  of 
these  free  laminae  of  bone  in  Penguins  like  Spheniscus  are  found  on 
the  line  dividing  the  brain-casket  from  the  cerebellar  prominence, 
but  in  Aptenodytes,  where  the  crotaphite  fossffi  are  quite  incon- 
spicuous and  very  shallow,  the  occipital  ridges  are  found  away 
from  the  cerebellar  prominence,  and,  as  in  many  other  water- 
birds,  occur  upon  the  cranium  proper.  At  the  lateral  aspect  of 
the  skull  the  post-frontal  processes  are  povverfvilly  developed, 
and  point  directly  downwards,  while,  upon  either  one,  the 
superorbital  glandular  depression  t-erminates  upon  the  upper 
■side.  Less  prominent  is  the  squamosal  process,  though  it  is 
amply  evident  enough  to  bound  the  valley  running  between 
it  and  the  post-frontal  apophysis. 

A  very  large  vacuity  occupies  the  posterior  two-thirds  of  the 
interorbital  septum  in  Aptenodytes ;  it  is  smaller  in  Spheniscus 
demersus ;  and,  usually,  still  smaller  in  some  other  species  of 
this  genus,  as  S.  minor.  Considerable  variation  is  seen  in  the 
lacrymal  hones  of  Penguins,  for  in  Aptenodytes  the  superior 
portion  of  one  of  these  comes  in  contact  with  the  imder  side 
of  the  nasal,  as  well  as  with  the  outer  lateral  edge  of  the  same 
bone,  and  the  frontal  consequently  can  be  well  seen  upon 
superior  aspect  of  the  skull.  Now,  in  Spheniscus  demersus  this 
articulation  is  upon  the  nether  aspect  of  the  naso-frontal  bones 
•entirely,  and  thus  conceals  the  lacrymal  when  the  skull  is 
looked  at  upon  direct  superior  aspect. 

The  middle  portion  of  a  lacrymal  is  more  or  less  contracted, 
but  it  spreads  out  again  below,  in  order  to  make,  in  all  the 
genera,  an  articulation  upon  the  upper  side  of  the  zygoma.  In 
S.  demersus  the  central  portion  of  either  lacrymal  is  pierced  by 
•a  large  foramen,  while  in  Aptenodytes  this  is  absent,  and  the 
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bone  is  carried  forwards  and  inwards  as  a  process.  Sjjheniscus 
minor  and  mendicidus  also  have  the  foramen,  and  its  anterior 
margin  may  exhibit  a  slight  apophysial  protrusion. 

Pengviins  have  large  orbital  cavities,  and  this  is  particularly 
the  case  in  Ajjtenodytes,  where,  however,  the  walls  are  not 
especially  complete,  except  below,  the  floor  being  formed  by  the 
very  wide  palatine  and  greatly  flattened  out  pterygoid  upon 
either  side.  Owing  in  part  to  this  unusual  size  of  the  orbit  in 
A.  pemiantii  the  zygoma  is  decidedly  arched  in  order  to  accom- 
modate itself  to  the  circularity  of  the  cavity;  from  quadrate 
to  lacrymal  bone,  the  bar  makes  a  low,  curving  sweep,  the  con- 
cavity, of  course,  being  upon  its  upper  side.  This  curve  of 
the  zygoma  is  likewise  enjoyed  in  a  similar  degree  by  the  ramus 
of  the  mandible,  while  this  condition  is  scarcely  at  all  notice- 
able, either  in  the  case  of  the  zygoma  or  mandible,  in  Spheniscus 
demersus,  nor  in  other  species  of  the  same  genus. 

The  quadrate  hone  is  well  developed  in  all  Penguins,  it  having- 
a  double  mastoidal  head  with  a  distinct  antero-posterior  groove 
dividing  the  facets  ;  a  triangular  laterally-compressed  orbital 
process  (smallest  in  Eiulyptes) ;  a  deep,  capacious,  and  anteriorly 
notched  cup  for  the  quadrato-jugal ;  and  a  large,  transversely 
placed  facet  for  the  mandibular  articulation.  This  last  is  also 
separated  into  two  facets  byja  middle  groove,  and  the  free  end 
of  the  orbital  process  is  truncated,  and  finished  off  with  a  bony 
nib.  Many  interesting  characters  are  to  be  found  upon  the 
basal  aspect  of  the  skull  fin  any  species  of  the  Spheniscidm. 
The  subcircular  foramen  magnum  is  remarkably  large,  and  the 
condyle,  likewise  of  pretty  good  proportions,  is  sessile.  In 
front  of  this  the  basi-temporal  area  is  smooth  and  flat,  it  being 
surrounded  by  a  raised  margin  in  front,  and  by  the  conspicuous, 
paroccipitals  at  the  sides.  These  anterior  bony  boundaries  are 
best  marked  in  Sjyheniscus  and  Eudyptes.  Either  j^i^^'VlM^  ^^ 
much  spread  out ;  flattened  completely  from  above  downwards^ 
and  more  or  less  triangular  in  form, — an  isosceles  triangle  in 
fact,  with  its  base  to  the  front  (when  in  situ),  and  with  the 
inner  basal  angle  articulating  with  the  hinder  end  of  the 
palatine  of  the  same  side  and  with  the  sphenoidal  rostrum.  In 
Ajjienodytes pennantii,  the  pterygoid  is  less  evidently  triangular; 
its  base  is  largely  in  contact  with  the  border  of  the  palatine 
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behind;  and  there  may  be  a  minute  foramen  in  front.  The 
hinder  moieties  of  the  palatine  bones  are  very  broad  and 
parallelogrammatic  in  outline,  their  mesial  and  inner  margins 
being  nearly  parallel  to  each  other.  Passing  forwards,  they 
gradually  rise  and  contract,  to  merge  finally  anteriorly  with 
the  interraaxillaries ;  the  sutural  traces  of  the  articulations 
being  plainly  evident  in  Aptoiodytes  (and  in  Pygosceles,  Watson), 
but  entirely  obliterated  in  Eiidyijtes  and  Spheniscus. 

The  vomer  is  profoundly  cleft  posteriorly,  the  long  slender 
limbs  being  weakly  coalesced  with  the  palatines ;  in  front  it  is 
a  free,  vertical  lamina  of  bone,  sharp  at  the  apex,  and  projecting 
without  contact  into  the  inter-maxillo-palatine  space.  Either 
maxillo-palatine  is  of  a  subcaucellous  structure,  elongated  and 
narrow,  directed  backwards  as  a  free  process.  This  much  for 
Aytenodytes,  while  in  Spheniscus  demersus  the  osseous  structure 
is  far  more  compact,  and  the  form  of  either  maxillo-palatine 
more  lamellar. 

There  are  no  basi-pferygoid processes,  and  the  hasi-sphenoidal  ros- 
trum is  flat  upon  its  under  side ;  narrow,  rounded  ofi'in  front  in  A. 
pennantii,  but  in  Endyptes  extended  on  as  a  small  pointed  spine. 

One  of  the  features  in  the  skulls  of  Penguins  is  the  difference 
in  the  curving  of  the  '  infraorbital  bar,'  and  of  this  Watson 
has  said  :  "  In  respect  of  the  form  and  curvature  of  the  zygo- 
matic arch,  the  skulls  of  Pygosceles  and  of  Aptoiodytes  agree 
with  that  of  Eudyptes,  and  differ  from  that  of  Sjjhejiiscus."  This 
fact  is  again  referred  to  here,  as  the  form  assumed  by  the 
mandible  in  the  several  genera  varies,  and  is  so  peculiar  that 
it  offers  another  very  good  diagnostic  character  for  them. 

In  AiJtenodytes,  the  depth  vertically  of  either  ramus  from 
junction  of  middle  and  posterior  third,  gradually  tapers  away 
to  the  mandibular  apex.  In  Pygosceles  the  middle  third  of 
either  ramus  is  evidently  deeper  than  it  is  elsewhere ;  this  is 
still  better  marked  in  Sp)hemscus,  and  reaches  its  maximum, 
where  it  is  conspicuously  pronounced,  in  Eudyptes  chrysocome, 
and  still  more  so  in  E.  chrijsolophus.  Upon  the  whole,  the  lower 
jaw  is  V-shaped,  with  a  very  small,  weak  symphysis  in  all  the 
short-billed  Penguins,  and  not  much  improved  in  this  particular 
in  the  long-billed  ones.  It  is  composed  of  the  usual  elements 
found  in  the  mandibles  of  birds  generally,  and  often  the  sutural 
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traces  among  these  are  very  distinct  at  the  middle  third  of  the 
bone.  Here  they  are  so  arranged  as  to  give  rise  to  a  long  slit- 
like vacuity  in  AiJteiiodytes,  which  is  closed-in  in  Spheniscus  and 
Eudypytes.  My  specimen  of  the  last  named  is  from  the  Falk- 
land Islands.  Professor  Watson  had  before  him  one  from  the 
same  locality,  in  which  he  found  the  ramal  vacuity  open.  In 
all  the  species  of  the  species  and  specimens  of  Penguins  that  I 
have  examined,  there  is  another  ramal  foramen,  however,  that  is 
constantly  present ;  it  is  small,  oval  in  outline,  and  found  at  the 
middle  of  the  posterior  third  of  either  limb  of  the  jaw.  Both 
the  internal  and  posterior  angular  processes  of  the  mandible  is 
strongly  developed  in  Spheniscus  demerms  ;  less  so  in  Uudyptes ; 
while  in  Aptcnudytes p)ennantii,  the  posterior  processes  is  scarcely 
noticeable.  According  to  Watson,  in  Pygosceles  "  the  posterior 
angular  process  is  relatively  less  prominent  than  in  Aptenodytes." 
Doubtless,  A.  longirostris  is  here  referred  to,  and  the  statement 
is  true ;  but  I  find  them  practically  absent  in  A.  pennantii,  and, 
what  is  peculiar,  moderately  well  developed  in  Sijlieniscus  ininor. 
A  coracoid  process  seems  to  be  universally  absent  among  these 
birds. 

The  osseous  skeleton  of  the  tongue  or  the  hyoid,  hones  of 
several  species  of  Penguin  are  at  hand.  In  a  very  perfect 
*  hyoid '  of  Spheniscus  demersus,  one  is  struck  with  the  resem- 
blance it  has  for  the  common  fowl  (Gallus  hanJciva).  In  fact, 
all  the  elements  are  practically  identical.  The  glosso-hyal  is 
in  cartilage;  the  cerato-hyals  are  but  partially  ossified  ;  while 
the  strong  basi-branchials  are  fused  into  one  piece  ;  the  posterior 
one  being  tipped  with  cartilage,  and  the  anterior  part  of  first 
basi-branchial  articulating  in  the  usual  manner  with  the  carti- 
laginous glosso-hyal.  The  conspicuously  upturned  epi-branchials 
are  separated  upon  either  limb  from  the  longer,  straighter,  and 
stouter  cerato-branchials  by  a  cartilaginous  interval,  which 
Watson  says  is  present  in  all  Penguins  examined  by  him. 

As  a  whole,  the  skull  is  very  slightly  pneumatic  in  Spheniscus 
and  Uudyptes,  while  Aptenodytes  p)ennaniii  is  better  off  in 
this  particular. 

Of  the  remainder  of  the  Axial  Skeleton. — This  part  of  the 
osseous  system  in  Penguins  is,  as  indeed  is  all  the  rest  of  their 
bony  structure,  powerfully  developed. 
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For  the  vertebral  column,  we  find  all  the  bones  of  the  cervical 
and  dorsal  regions  freely  movable  upon  one  another;  those  of 
the  pelvic  sacrum  fuse  most  solidly  into  one  piece,  and  to  this 
the  pelvic  bones  proper  do  not  coosify  as  solidly  as  they  do  in 
many  other  birds ;  the  skeleton  of  the  tail  is  greatly  elongated, 
and  finished  off  with  a  pygostyle  of  very  unusual  length.  In 
the  cervical  series  there  are  invariably  15  vertebrae  in  all 
Penguins  known  to  me.  The  1.3th  of  these  often  has  the 
pleurapophyses  showing  faint  rib  sutures;  on  the  14th  a  pair 
■of  free  ribs  is  always  found ;  and  those  on  the  15th  invariably 
possess  articulated  epipleural  appendages.  A  very  remarkable 
character  is  seen  in  the  transverse  processes  of  the  13th  and 
14th  vertebrae,  for  these  are  elongated,  and  curl  dorsad  in  a 
very  striking  manner,  especially  in  Ajjtenodytes  pennantii  and 
Spheniscus  demersus. 

The  carotid  arches  are  always  open,  and  commonly  com- 
mencing with  the  6th  vertebra^,  pass  to  include  the  9th  or  10th. 
Apparently  non-pneumatic,  these  cervical  vertebrae  are  short 
and  wide,  with  conspicuously  developed  processes ;  complete 
lateral  canals  (3rd  to  13th  included);  and  when  articulated 
m  sitio,  form  in  all  the  species  a  pronounced  double  sigmoid 


curve  thus 


\ 


For  the  dorsal  region,  the  vertebrae  are  articulated  with  each 
other  in  a  way  to  insure  the  greatest  amount  of  strength  con- 
sistent with  the  maximum  degree  of  mobility,  while  in  all  the 
species  the  neural  and  haemal  spines,  as  well  as  the  transverse 
processes,  are  uncommonly  broad  and  strong. 

There  are  six  dorsal  vertebrae  in  Aptenodytcs,  Sj^heniscus,  and 
JJudyptes,  or  in  all  the  genera  I  have  examined,  and  some  of 
these  may  be  opisthocoelous  in  character.  They  each  and  all 
support  long,  rather  slender,  true  vertebral  ribs,  that  connect 
with  the  sternum  by  long,  slender,  sweeping  and  curved  costal 
ribs,  after  the  manner  of  certain  Auks,  The  epipleural  append- 
ofjes  are  large,  flat,  and  elongated,  and  articulate  with  the  ribs 
to  which  they  belong.  The  last  pair  have  them  only  in  a  rudi- 
mentary form  in  Sphenisctcs  minor  and  >S'.  demersus,  but  they 
•are  present  upon  that  pair  in  A.  penna7itii,  in  which  species 
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the  epipleural  processes  in  mid-series  are  of  great  size,  with 
paddle-shaped  ends.  There  is  one  pair  of  long,  sweeping, 
pelvic  ribs,  but  their  haemapophyses  do  not  quite  reach  the 
costal  border  of  the  sternum  upon  either  side.  In  A2')tenodytes 
pcnnantii  there  is  also  a  pair  of  '  floating  costal  ribs,'  articulat- 
ing with  a  pair  of  floating  vertebral  ribs,  that  are  represented 
simply  by  short,  rod-like  pieces. 

Among  Penguins,  the  j'^e/vis  exhibits  a  very  considerable 
amount  of  variation.  It  is  long  and  narrow  in  Aptenodytes,  and 
relatively  shorter  and  broader  in  Spheoiiscus,  while  in  JEndyptes. 
chrysocome  and  in  JE. pachyrhynchus  it  seems  to  hold  an  inter- 
mediate place  in  this  respect.  In  all  the  pre-acetabular  portion 
of  either  ilium  is  a  thin,  plate-like,  narrowish  lamina  of  bone, 
that  simply  rests  upon  the  sacrum,  and  rarely  co-ossifies  com- 
pletely with  it,  even  in  old  birds.  The  inner  iliac  margins  in 
this  region  nowhere  near  approach  the  sacral  crista,  and  the 
anterior  iliac  margins  may  be  once  or  twice  notched, — twice 
profoundly  notched  in  a  pelvis  of  Eudyptes  pachyrhynchns  at  my 
hand  (No.  17,840  U.S.  Nat.  Mus.) ;  while  the  pre-acetabular 
part  of  ian  ilium  is  placed  horizontally,  its  post-acetabular  part 
lies  in  directly  the  opposite  plane,  or  is  vertically  situated.  The 
acetabular  region  itself  is  more  or  less  massive ;  the  anti-tro- 
chanter  not  very  large,  but  the  cotyloid  ring  distinctly  so.  In 
E.  chi'ysocome  the  cotyloid  ring  is  nearly  double  the  size  of  the 
ischiac  foramen,  and  the  proportion  is  even  greater  in  Apte7W- 
dytes,  but  in  8p)heniscus  demersus  the  ischiac  foramen  is  nearly 
four  times  as  big  as  the  acetabular  ring.  In  all  Penguins 
examined  by  me  the  postero-ilio-ischiac  notch  is  well  marked, 
and  the  elliptical  obturator  foramen  is  continuous  with  the  long 
obturator  space.  The  long  blade-like  pubic  bone  is  not  in  con- 
tact with  the  ischium  above  it,  and  rarely  projects  much  beyond 
the  pelvis  behind.  In  Spheniscus  and  Aidenodytes  it  is  both 
paddle-shaped  and  decurved  posteriorly,  but  this  is  not  the  case 
in  Endyptes.  This  last-named  genus  has  the  upper  margin  of 
the  pubis  nearly  parallel  to  the  lower  margin  of  the  ischium 
above  it,  and  the  space  dividing  the  two  bones  exceedingly 
narrow,  especially  in  E.  clirysocome,  but  the  two  elen)ents  do 
not  come  in  contact  with  each  other. 

Seven  free  vertebrae  are  found  iti  the  skeleton  of  the  tail  of 
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the  Spheniscidse,  and  the  long,  narrow  iWJ^^^U^^  is  made  of  nine 
more.^ 

In  the  caudal  vertebrae  the  transverse  processes  are  more  or 
less  aborted,  while  the  neural  spines  and  hajmal  ones  are  often 
conspicuously  developed.  In  Sphcniscus  demersus  these  spiu'-s 
are  bifid,  and  the  htemal  spines  are  found  only  upon  the  last 
two  or  three  vertebrae. 

According  to  Professor  Watson,  the  number  of  vertebrae  in 
the  spinal  column  never  exceed  43  (Spheniscus  demersus,  S.  magel- 
lanicus,  and  S.  meudiculiis),  while  in  the  majority  of  the  species 
there  are  but  42. 

In  the  skeleton  of  Eudyptes  chrysocome  we  find  the  type  of 
the  sternum  as  it  usually  occurs  in  this  family  of  birds.  Here 
the  bone  is  of  an  oblong  form,  well  concaved  upon  its  dorsal 
aspect,  while  ventrad,  a  strong  keel  runs  nearly  its  entire  length, 
and  projects  out  considerably  in  front,  especially  in  Aptcnodytcs 
pennantii. 

Posteriorly,  the  xiphoidal  portion  of  the  sternum  shows  upon 
either  side  an  elongated  notch  of  nearly  uniform  width.  The 
lateral  processes  thus  formed  curve  towards  the  middle  line  as 
they  pass  backwards,  and  are  longer  than  the  sternal  body.  The 
mid-xiphoidal  process  is  of  considerable  width  and  size,  and 
frequently  is  perforated  by  foramina.  (These  do  not  occur  in 
all  Penguins,  and  in  E.  'pachyrhynchus  they  are  so  large  that 
they  are  sometimes  incomplete,  thus  forming  notches.)  The 
ventral  margins  of  the  costal  borders  are  much  raised  and  sharp, 
thus  forming  marked  depressions  for  the  pectoral  muscles.  Dis- 
tinctly quadrilateral  in  outline,  the  costal  processes  are  strong 
and  thick,  and  are  directed  forwards  and  outwards.  The 
anterior  border  between  them  is  transverse,  with  a  much 
aborted  manubrium  in  the  middle  line  (a  process  much  better 
developed  in  S.  demersus). 

The  '  costal  grooves  '  are  deep  and  of  uniform  width,  each 
terminating,  laterally,  in  a  distinct  pitlet. 

According  to  Watson, "  the  articular  depressions  of  the  recep- 
tion of   the  sternal  ribs  are  six  in  number  on  either  side  in 
every  species,  with  the  single  exception  of  Pygosceles  tceniatuSy 
in  which,  in  accordance  with  the  fact  that  seven  ribs  articulate 
■^  According  to  Gervais  and  Alix  in  OsUologie  et  Myologie  dcs  Manchots. 
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■with  the  breast  bone,  there  are  seven  distinct  depressions  on 
the  lateral  margin  of  the  sternum." 

"  In  Pygosceles,  moreover,  the  relative  lengths  of  the  middle 
and  external  xiphoid  processes  exceed  the  middle  process  in 
length,  while  in  Pygosceles  the  central  xiphoid  process  equals  or 
even  exceeds  that  of  the  external  processes "  {P.eport  on  the 
Spheniscidm,  pp.  22,  23). 

In  Spheniscus  demersus  the  costal  process  is  perforated  by 
a  large  foramen. 

Penguins  have  a  scapula  of  a  most  unusual  form,  it  being  thin 
and  blade-like,  besides  being  endowed  with  extraordinary  width 
and  length.  It  varies  somewhat  in  outline  in  the  different 
species;  and  in  Spheniscus  demersus,  where  the  blade  of  the  scapula 
is  larger  than  the  keel  of  the  sternum,  it  may  exhibit  one  or  two 
elliptical  foramina  near  its  distal  tip,  usually,  however,  in  full- 
grown  birds,  only  in  the  bone  of  one  side  or  the  other.  Both 
head  and  neck  of  the  scapula  is  considerably  flattened  from 
above  downwards,  and  in  >S'.  minor  the  anterior  moiety  of  the 
bone  has  not  more  than  one-third  the  width  that  the  greatly 
expanded  hinder  portion  has. 

Watson  gives  us  many  figures  and  measurements  of  the  sterna 
and  scapulae  of  the  Penguins,  and  concludes  by  saying,  "  In  short, 
with  regard  to  the  scapulse,  as  to  the  sternum,  there  are  two 
extremes,  represented  by  the  genera  A'ptenodytes  and  Pygosceles, 
and  two  means,  represented  by  the  genera  Eudyptes  and 
Spheniscus"  {ibid.,  p.  26). 

As  in  the  case  of  the  scapula,  the  as  furcula  varies  in  form 
somewhat  in  the  different  genera,  but  it  is  a  good  strong  bone 
in  them  all.  Ap)tenodytes  has  it  of  a  somewhat  elongated  U- 
pattern;  rather  weak  below,  and  devoid  of  hypocleidium,  but 
becoming  progressively  stouter  as  it  nears  the  coraco-scapular 
articulations  above.  These  clavicular  limbs  are  much  com- 
pressed from  side  to  side,  and  are  each  drawn  out  into  a  point 
after  passing  the  coracoid  articulation  when  the  bones  are  in 
situ.  Either  clavicular  limb  develops  an  outstanding  abut- 
ment, with  facet  for  articulation  with  the  produced  head  of  the 
corresponding  coracoid,  while  its  distal  apex  articulates  with 
the  antero-internal  angle  of  the  head  of  the  scapula. 

All  Pentiuins  have  the  coracoids  of  great  size  and  strength. 
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Taking  the  bone  in  Aptenodytes  pennantii,  for  example,  I  find 
it  to  be  considerably  longer  than  the  humerus  of  the  same 
individual,  and  altogether  a  bigger  and  stronger  bone.  Its 
sternal  end  is  not  conspicuously  expanded,  while  upon  the 
whole  a  gradual  tapering  is  seen  to  occur  from  this  end  towards 
the  summit,  accompanied  by  an  antero-posterior  flattening.  On 
the  inner  side  of  the  shaft  an  extensive  wing-like  process  is 
thrown  out,  extending  downwards  for  some  distance  from  the 
scapular  process.  This  is  highly  developed  in  Eudyptes,  in 
which  genus  it  is  perforated  by  a  large  elliptical  foramen,  and 
which,  due  to  absorption,  is  in  Aptenodytes  converted  into  a 
great  notch.  In  Eudyptes  chrysocome  the  dorsal  end  of  the 
coracoid  is  produced  considerably  above  this  part  of  the  bone, 
and  supports  at  its  summit  the  rather  weak  head  of  the  bone, 
having  here  the  form  of  a  mesio-anteriorly  produced  process  or 
hook.  This  species  has  the  sternal  end  of  the  coracoid  thick 
and  strong,  being  convex  transversely  in  front,  and  correspond- 
ingly concave  behind,  where  its  surface  is  roughened  for 
muscular  attachment. 

At  the  inner  angle  of  its  sternal  end  there  is  an  abruptly 
upturned  process,  that  is  quite  characteristic  of  the  coracoid  in 
not  a  few  of  the  Sjiheniscidce. 

Of  the  Pectoral  Extremity. — Wing-modification  has  been 
carried  to  the  extreme  in  Penguins,  the  limb  having  more  the 
appearance  of  a  '  flipper '  or  paddle  of  a  sea-turtle  than  the 
wino;  of  a  bird.  With  this  modification  has  followed  an  extra- 
ordinary  compression  of  all  the  bones.  As  a  rule,  they  are 
flat  and  oblong,  and,  apart  from  size,  are  characteristically  alike 
in  all  the  species.  This  flattening  of  the  bones,  in  the  case  of 
the  forearm  and  hand,  is  in  a  plane  parallel  to  the  plane 
of  the  keel  of  the  sternum ;  while  the  humerus  has  received 
it  in  a  plane  nearly  at  right  angles  to  this.  This  last-named 
bone  is,  as  is  the  case  with  the  skeleton  of  the  entire  limb, 
entirely  non-pneumatic,  although  there  is  a  wonderfully  deep 
and  circumscribed  pneumatic  fossa. 

Every  known  species  of  Penguin  has  two  large  sesamoids  at 
the  elbow.  They  occur  in  life  in  the  insertional  tendon  of  the 
triceps  muscles. 

More   or  less  oblong  in  outline,  the  radius  and  ulna  have 
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sharpened  outer  edges  ;  have  their  articular  extremities  simply 
modified  in  accordance  with  the  aforesaid  flattening  of  the 
limb ;  and,  in  life,  are  separated  from  each  other  by  a  narrow 
interosseous  space,  the  bones  in  Aptenodytes,  for  example,  being 
nearly  of  the  same  length  and  width. 

Two  carpal  tones  are  present  as  usual  in  Aves;  the  radiale 
being  an  irregular  nodule  presenting  the  necessary  facets  of  arti- 
culation for  the  joint ;  while  the  ulnare  not  only  accomplishes 
this,  but  is  likewise  produced  backwards  as  a  large,  flat,  free,  tri- 
angular process,  characteristic  of  the  skeleton  of  the  wing  of  all 
Penguins. 

In  the  flattened  carpo-metacarpus,  complete  fusion  has  taken 
place  between  the  first  and  second  metacarpal,  and  that  to  such 
an  extent  as  to  almost  (quite  in  S.  minor)  mask  its  very 
existence.  The  third  metacarpal  is  a  characterless,  flat  rod 
of  bone  fused  by  its  extremities  to  the  oblong  and  far  broader 
second  metacarpal.  There  are  two  joints  to  the  last-named 
element,  and  a  big,  greatly  elongated  phalanx  for  the  last  finger 
on  the  ulnar  side,  it  being  even  longer  than  the  proximal  joint 
of  the  second  digit.  Pollex  digit  has  shared  the  same  fate  as 
the  first  metacarpal,  and  its  presence  would  not  be  suspected  in 
the  adult  bird. 

Of  the  Pelvic  Limb. — As  in  the  case  with  the  bones  of  the 
wings,  the  skeleton  of  this  extremity  in  the  Spheniscidae  is 
entirely  non-pneumatic.  Its  femur  and  tihio-tarsus  present  the 
ordinary  ornithic  characters,  while  among  the  most  striking 
peculiarities  to  be  seen  is  the  hig  patella. 

Quite  recently  I  had  the  pleasure  of  examining  the  leg-bones 
and  patella  of  the  typQ  specimen  of  Aptenodytes  pennantii  used 
by  Coues  in  his  paper  on  "  Material  for  a  Monograph  of  the 
Spheniscidse "  {Proc.  Acad.  Nat.  Sci.  Phila.,  xxiv.,  1872).  I 
give  you  a  life-size  drawing  of  these  bones  from  the  right  limb 
of  this  Penguin,  showing  the  great  quadrate  patella  slightly 
raised  above  its  articulation  with  the  tibia.  In  the  same  cut, 
A  and  B,  are  copies  of  different  views  of  the  patella  of  Eudyptes 
chrysocome  by  Professor  Watson  (Report  on  the  Spheniscida^ ; 
Eep.  Scien.  Kesults  of  Exp.  Voyage  of  H.M.S.  '  Challenger,' 
vol.  vii.,pl.  vii.  figs.  9  and  10, Zoology,  1883).  Professor  Watson 
tells  us  that   "  the  patella  is  of  exceptionally  large  size,  and 
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presents  a  somewhat  peculiar  form  in  the  Penguins.  In  form 
it  resembles  a  wedge,  the  anterior  or  sharp  margin  of  which  is 
directed  forwards,  the  base  backwards  towards  the  femur.  The 
base  of  the  wedge  is  broad,  deeply  concave,  and  adapted  to  the 
pulley- like  surface  of  the  lower  end  of  the  femur.     The  outer 


B 


Fig.  1.— Leg-bones  and  patella,  right  limb  of  Aptenodytes  pennantii  ;  life-size 
from  nature.  T,  tibia  ;  F,  fibula  ;  P,  patella  ;  the  last  slightly  raised 
above  its  articulation  with  tibia.  (No.  11,976  Smithsonian  Collection.)  By 
the  author.  A,  patella  of  Eadyptes  chrysocome  (from  Tristan  d'Acuuha), 
outer  surface,  natural  size.     B,  the  same  seen  from  in  front  (after  Watson).' 

surface  of  the  bone  is  for  the  most  part  smooth,  but  presents 
about  its  middle  a  deep  and  narrow  groove,  which,  commencino- 
in  front  at  the  middle  of  the  anterior  border  of  the  bone,  passes 
obHquely  backwards,  downwards,  and  outwards  across  the  ex- 
ternal surface.     This  groove  accommodates  the  tendon  of  the 
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'ambiens'  muscle.  The  inner  surface  of  the  bone  is  smooth. 
The  upper  end  of  the  patella  is  obhquely  truncated,  and  affords 
insertion  to  the  muscular  fibres  of  the  extensor  cruris  muscle, 
while  the  lower  end,  narrower  and  more  irregular  in  form,  i& 
attached  by  means  of  very  short  ligamentous  fibres  to  the  anterior 
border  of  the  upper  end  of  the  tibia.  The  patella  presents  essen- 
tially the  same  characters  in  every  species."  This  description 
answers  very  well  for  Apte7iodytes,oiilythis  latter  Penguin  has  the 
patella  much  larger,  as  will  be  seen  iu  the  figure.  In  the  great 
majority  of  birds  where  a  patella  exists  it  is  found  to  have  the 
form  of  an  oblate  hemispheroid,  with  its  base  directed  upwards 
for  insertion  of  the  extensor  cruris. 

Other  characters  are  the  long  and  stout  Jihda,  and  the  re- 
markable skeleton  of  pes.  In  this  latter  the  iarso-metatarsus  is 
short,  broad,  and  of  an  oblong  outline,  the  three  metatarsals 
composing  it  being  more  or  less  distinct,  lying  parallel  to  each 
other  in  the  horizontal  plane,  being  thoroughly  fused  together 
at  their  extremities.  The  hallux  is  greatly  aborted  in  most 
species,  and  plays  no  important  part  in  the  foot  of  any  of  the 
Penguins. 

The  phalangeal  formula  of  the  joints  is  normal,  and  the  three 
anterior  toes  are  cylindrical  in  form,  with  closely  locked  articu- 
lations, and  terminate  with  strong,  little-curved  claws.  This 
part  of  the  skeleton  of  the  foot  has  a  very  reptilian  aspect ;  and 
I  find  in  ApteQiodytes  pennantii  three  smallish  sesamoids  in  its  sole, 
and  others  still  smaller  under  the  podal  digits  at  their  bases. 

The  characters  of  the  scapulse,  the  skeleton  of  the  pectoral 
limbs,  the  patellae,  and  the  feet  exhibited  on  the  part  of  the 
Penguins  are  not  to  be  found  in  any  other  existing  group  of 
birds,  and  it  would  seem  are  alone  sufficient  to  warrant  us  in 
placing  these  remarkable  pelagic  forms  in  a  suborder  of  birds 
by  themselves.  This,  as  already  stated  above,  has  accordingly 
been  done. 

EXPLANATION  OF  PLATE  XXXVIIL 

Right  lateral  view  of  the  skeleton  Sphnmnis  demer^us. 

Considerably  reduced.  From  a  photograph  of  the  specimen  in  the 
collection  of  the  U.S.  National  Museum  at  Washington  (No.  17,938). 
Specimen  collected  at  Angra  Pequena,  South  Africa. 
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NOTES  ON  THE  OSTEOLOGY  OF  SCOPUS  UMBRETTA 
AND  BAL^ENICEPS  BEX.  By  E.  W.  Shufeldt, 
M.D.,  C.M.Z.S.,  Fellow  of  the  Amer.  Assn.  for  the  Adv. 
Science,  &c.  &c.     (Plate  XXXIX.) 

Although  it  is  no  uncommon  thing  to  find  skeletons  of  Scopus 
in  the  collections  of  the  larger  museums  of  this  country  and 
elsewhere,  this  is  not  so  in  the  case  of  Bcdceniceps.  In  the 
United  States  National  Museum  we  have  no  osteological  material 
at  all  of  this  last-named  type,  while  there  is  a  very  excellent 
mounted  skeleton  of  the  Umbra  {Scoiyus).  A  photograph  of 
this  latter  has  been  made  for  me,  and  from  this  a  plate,  which 
is  presented  with  the  present  notes.  When  we  come,  however, 
to  examine  into  the  literature  of  the  osteology  of  B.  rex  and 
Scojms,  the  case  as  above  stated  seems  to  be  reversed,  for — and 
the  writer  has  looked  pretty  carefully — there  does  not  appear 
to  have  been  written  up  to  the  present  time,  in  the  English 
language,  a  general  account  of  the  skeleton  of  Scopus,  while 
W.  K.  Parker  has  given  us  a  very  full  one  of  B.  rex,  illustrated 
with  several  plates  {P.Z.S.,  iv,  269). 

In  this  account  the  osteology  of  Scopus  is  touched  upon 
lightly  in  a  few  places,  and  this  also  applies  to  the  work  by 
the  same  author  entitled  "  A  Monograph  on  the  Structure  and 
Development  of  the  Shoulder-girdle  and  Sternum  in  the 
Vertebra ta  "  {Puh.  Bay  Soc.,  1868). 

Mr  F.  E.  Beddard,  in  the  P.Z.S.  for  1884  (p.  543),  has  con- 
tributed a  brief  but  useful  paper  on  the  morphology  of  this 
bird,  entitled  "  A  Contribution  to  the  Anatomy  of  Scopus 
umhretta,"  in  which  he  says  :  "  The  dissection  of  two  specimens 
of  Scopus  2(,mhretta,  has  enabled  me  to  bring  a  few  notes  upon 
its  anatomy  before  the  Society.  One  of  these  individuals  lived 
in  the  Society's  gardens  from  1880  to  1884,  the  other  was  sent 
to  the  late  Mr  W.  A.  Forbes  from  Africa.  Both  were  partially 
dissected  by  Mr  Forbes ;  and  in  preparing  the  following 
account  I  have  had  the  advantage  of  consulting  a  few  MS. 
notes  left  by  him."     • 

VOL  XXXV.  (N.S.  vol.  XV.) — APEIL  1901.  2  D 


406  DR  K.    W.    SHUFELDT. 

"  As  but  little  is  known  about  the  structure  of  Scopus,  its 
exact  systematic  position  is  still  a  matter  of  doubt ;  the  facts 
that  are  known  (and  these  are  confined  to  the  pterylosis  and 
structure  of  the  skeleton)  appear  to  be  on  the  whole  in  favour 
of  placing  Scojjus  among  the  Ciconiida?,  as  has  been  done  by 
Mr  Sclater  in  the  most  recent  edition  of  the  '  List  of  Animals.' 
The  arrangement  of  the  feather-tracts  in  Scopics  is  described  in 
some  detail  by  Nitzsch,  who  has  pointed  out  that  the  powder- 
down  patches  distinctive  of  the  true  Herons  are  absent  from 
Scopus'^:  in  this  and  in  other  pterylographical  characters  Scopus 
comes  nearer  to  the  Storks  than  to  the  Herons." 

"  Our  knowledge  of  the  osteology  of  Scopus  is  at  present 
entirely  due  to  Professor  Parker,  who  has  described  its 
shoulder-girdle  in  his  '  Monograph  on  the  Shoulder-girdle  and 
Sternum.' "  2 

"  Some  scattered  remarks  on  the  osteology  of  Scopus  and  the 
affinities  which  they  indicate  are  also  to  be  found  in  a  memoir 
by  the  same  writer  on  Balceniccps  rex? 

"Professor  Parker  is  of  the  opinion  that  Scopus  is  truly 
ciconiine,  and  is  connected  with  the  true  Herons  by  way  of 
Balceniccps  and  Cancroma,  the  latter  type  being  essentially 
Heron-like,  while  Balceniccps  has  '  the  Heron  characters  in 
preponderance.' 

"  In  view  of  these  facts  it  is  rather  remarkable  to  find  that 
Dr  Hartlaub,  in  his  work  on  the  '  Birds  of  Madagascar,' 
definitely  includes  Scopus  as  a  genus  of  the  family  Ardeidse, 
separating  it  therefore  entirely  from  the  Storks ;  nevertheless 
it  appears  to  me  that  there  is  in  reality  quite  as  much  to  be 
said  in  favour  of  the  ardeine  as  of  the  ciconiine  affinities  of  the 
bird,  from  a  study,  that  is  to  say,  of  the  muscles  and  viscera. 

"  With  regard  to  the  latter,  the  only  pubHshed  notes  (so  far 
as  I  am  aware)  are  to  be  found  in  Mr  Forbes's  Report  on  the 
Tubinares  collected  by  H.M.S.  'Challenger';  in  that  memoir 
Mr  Forbes  has  described  the  partly  double  condition  of  the 
p3ctoral  muscle  in  Sco2ms,  to  which  I  have  referred  below." 
"  Two  plates  illustrating  the  osteology  of  Scopiis  are  to  be  found 

^  Pteryloijraphy  (English  edition).     Ed.  Sclater,  London,  1867,  p.  130. 

■■^  Ray  8oc,  Publicalions  {hondon,  1869),  p.  165. 

■■^  Trans.  Zool.  Soc,  vol.  iv.  p.  347.     See  also  Trans,  Zool.  Soc.,wo\.  v.  p.  234. 
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in  the  last  published  part  of  the  magnificent  Histoire  Naturelle 
dc  Madagascar,  but  the  letterpress  has  not  yet  appeared. 
M.  Milne-Edwards  no  doubt  intends  to  describe  the  osteology, 
and  for  that  reason  I  have  not  entered  into  any  description  of 
it  in  the  present  paper."  ^ 

Of  the  Skull. — Unfortunately,  I  have  no  skeleton  at  hand  of 
Balmniceps,  and  so  rely  entirely  upon  Parker's  excellent  memoir 
and  plates,  in  so  far  as  comparing  the  skull  of  Scopus  with  that 
species  is  concerned.  I  have  at  my  command,  however,  good 
skeletons  of  Ciconia  alba  and  Ardea  herodias,  and  these  are 
more  important  than  B.  rex,  as  the  last-named  bird  is  far  more 
nearly  related  to  Cancroma  than  it  is  to  Scopus. 

In  Sco2yus  the  osseous  superior  mandible  is  much  compressed 
from  side  to  side,  with  cultrate  dentary  borders,  and  with  the 
line  of  the  culmen  beyond  the  narial  apertures  nearly  straight 
and  very  sharp.  The  nostrils  are  antero-posteriorly  elongated 
concavities,  situated  high  up  and  well  back,  with  the  culmen 
rounded  and  elevated  above  them  (see  Plate  XXXIX.).  The  bony 
roof  of  the  mouth  is  entire,  and  lies  chiefly  in  the  horizontal 
plane.  This  is  also  the  case  in  Ardea  herodias,  while  in  the 
Stork  an  elongated  vacuity  exists  beyond  the  vomerine  region. 
Scopus  has  its  narial  openings,  however,  more  as  they  are  in  the 
Ciconia  than  as  they  are  in  the  Heron,  though  the  form  of  its 
upper  bony  beak  is  quite  unlike  either.  There  is  one  character 
here  we  find  in  Scopus  that  neither  Stork  nor  Heron  possesses, 
and  that  is,  upon  either  side  of  the  osseous  mandible,  the  straight, 
sharply-defined  sunken  line  extending  from  the  narial  aperture 
to  a  point  just  posterior  to  the  mandibular  apex  (see  Plate 
XXXIX.).  Upon  comparing  the  d'anitim  proper  of  Scopus  with 
these  birds,  it  at  once  becomes  evident  that  in  its  general  form 
it  is  nearly  all  Stork,  with  nothing  in  it  to  remind  one  of  the 
Herons.  This  resemblance  is  due  to  an  actual  similitude  of  the 
several  separate  characters,  and  not  to  a  superficial  likeness. 
The  form  of  the  orbital  cavity,  the  lacrymal  bones,  as  well  as  the 
quadrates  are  ciconine  throughout,  while  the  entire  interorbital 

^  This  great  work,  I  understand,  has  now  been  entirely  published,  but  we  have 
as  yet  no  copy  of  it  in  the  libraries  of  Washington.  The  only  one  I  know  of  in 
this  country  is  to  be  found  in  the  library  of  the  Academy  of  Natural  Sciences  of 
Philadelphia  (Phil.,  Pa.,  U.S.A.). 
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septum  is  as  it  is  in  Ciconia,  and  not  as  it  is  in  the  Heron,  where 
the  septum  is  scarcely  preformed  in  bone  at  all. 

Ardea  herodias  possesses  crutcvphite  fossce  of  large  proportions^ 
that  for  some  considerable  distance  on  the  superior  aspect  of 
the  skull  are  merely  separated  by  a  line.  This  is  by  no  means, 
the  case  in  Scojms,  where  the  crotaphite  f osscv,  a,s  in  Ciconia,  are 
of  more  modest  extent  and  well  separated  behind.  Indeed,  the 
entire  occipital  region  in  Scopus  agrees  almost  exactly  with  what, 
we  find  in  the  common  Stork,  and  this  likewise  applies  to  the 
characters  at  the  base  of  the  skull. 

The  osseous  parts  of  the  hyoidean  apparatus  of  the  Umbre  are- 
almost  purely  ciconine,  as  are  the  schrotal  |;/a^es  of  either 
eyeball. 

Passing  to  the  consideration  of  the  mandible,  we  again  findi 
that  this  part  of  the  skeleton  in  Scopus  is  distinctly  Stork,  and. 
not  Heron.  In  Scopus  the  hinder  aspects  of  the  articular  ends, 
of  the  rami  are  cut  squarely  across  as  they  are  in  Ciconia,  and 
are  not  obliquely  truncated  as  we  find  them  among  the  typical 
Herons. 

Again,  in  Ardea  there  exists  a  tongue  of  bone,  inter-ramal  in 
situation,  extending  backwards  from  the  mid-posterior  point  of 
the  mandibular  symphysis,  that  is  absent  both  in  Scopus  and  ini 
Ciconia.  That  gentle  inclination  upwards  of  the  anterior  third 
of  the  lower  jaw,  characteristic  of  so  many  of  the  waders  of  the 
Stork-heron  group,  that  secure  their  finny  prey  by  sudden  beak- 
thrusts,  is  present  not  only  in  Ardea  and  Ciconia,  but  is. 
equally  well  marked  in  Scopits. 

Taken  as  a  whole,  then,  the  shidl  of  Scopus  umbretta  in  the 
main  morphologically  agrees  with  the  typical  ciconine  forms,, 
and  not  with  the  Herons. 

On  the  remainder  of  the  Axicd  Skeleton.  ■ —  Eadically,  the 
vertebral  cohtmn,  the  ribs,  and  the  pelvis  of  Scopus  are  distinctly 
ciconine,  and  exhibit  but  few  affinities  of  an  ardine  nature. 
Perhaps  there  may  be  a  trace  in  the  pelvis,  but  it  is  very  slight. 
Scopus  possesses  twenty-one  free  vertebnv  between  the  skull  and 
pelvis,  and  this  is  also  true  of  Ciconia  alba,  while  in  Ardea 
herodias  there  are  twenty-three  in  the  same  region.  The  vertebrae 
of  the  tail  in  Scopus  are  large  and  spreading,  and  are  highly 
pneumatic;   in    the  Heron,  they  are  comparatively  small,  audi 
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thoroughly  ^lon-jjneutnatic.  Turning  to  the  pelvis  we  are  to  note 
that  although  the  anterior  borders  of  the  ilia  both  in  Scopus  and 
AiYlea  are  perpendicular  to  the  mid-axial  line  of  the  spinal 
column,  being  obliquely  truncated  in  the  Stork,  it  is  never- 
theless true  that  in  its  general  form  the  shortish  and  somewhat 
broad  pelvis  of  Scopus,  with  its  ilio-ischiatic  notch  present,  and 
with  its  numerous  foramina  in  the  post-acetabular  region,  is 
purely  ciconine,  and  has  but  little  to  do  with  Ardea,  in  which 
genus  the  character  of  the  presence  of  the  ilio-ischiatic  notch  is 
never  seen.  The  number  of  vertebrae  co- ossified  with  the 
pelvic  bones  in  the  pelvis  of  Scoptus  is  equal  to  what  we  find  in 
Ciconia,  and  the  number  is  greater  than  what  occurs  in  the 
pelvis  of  Ardea.  In  both  Scojms  and  Ciconia  the  leading  caudal 
vertebra  co-ossifies  with  the  last  uro-sacral,  which  is  not  the 
case  in  the  Heron. 

In  Scopus,  says  Parker,  the  "  scapula,  as  in  the  Storks,  is 
stouter  and  broader  than  in  the  Herons,  so  also  is  the  coracoid ; 
there  is  a  distinct  epicoracoid  hook,  and,  especially  in  the 
Balccniceps,  a  well-developed  meso-coracoidal  curled  plate  (see 
Trans.  Zol.  Soc,  1861,  pi.  67,  fig.  1,  cor)."i 

Typical  Herons  always  have  the  sternal  ends  of  the  coracoids 
powerfully  decussated  on  the  fore  part  of  the  sternum;  they 
cross  very  slightly  in  Scopiis,  but  in  Ciconia  alba  apparently 
not  at  all.  A  small  manubrial  process  is  developed  upon  the 
sternum  of  Scopus,  which  is  absent  in  Ciconia,  but  well  developed 
in  Ardea.  In  all  these  birds  the  sternum  exhibits  a  broad, 
deepish  notch  upon  either  side  of  the  carina  behind ;  and  the 
keel  itself  extends  the  entire  length  of  the  sternal  body,  is  deep, 
and  has  a  uniformly  convex  border  below. 

Ardea  herodias  has  four  htemapophysial  facets  upon  either 
costal  border,  while  Ciconia  alba  has  five.  Now,  in  the  skeleton 
of  Scopus  before  me  there  are  six ;  and  Parker,  in  his  memoir 
upon  the  "  Shoulder-girdle  and  Sternum,"  says  he  had  a 
sternum  of  Scopus  wherein  there  were  six  upon  one  side  and 
only  five  upon  the  other,  a  very  interesting  fact  (p.  165). 

Apart,  then,  from  the  slight  decussation  of  the  coracoids  and 
the  presence  of  the  manubrium,  there  is  just  as  much  Stork  in 
the  sternum  of  Scopus  as  there  is  Heron ;  and  when  we  pass  to 

1  Parker,  W.  K.,  "  Shoulder-girdle  and  Sternum  in  the  Vertebrata,"  p.  165. 
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the  osfurcula,  we  find  it  to  be  very  ciconine  in  character,  being 
of  the  broad  U-shaped  variety,  and  without  the  epicleidial 
process,  so  characteristic  of  the  fourchette  of  all  the  Herons  of 
the  genus  Ardea. 

In  Ciconia  alha  the  furcatorial  symphysis  articulates  with  the 
carinal  angle  of  the  sternal  keel,  and  complete  fusion  takes 
place  at  that  point  in  the  Balcvniceios. 

Finding  the  trunk-skeleton  of  Scopus  umbretta  at  least  nine- 
tenths  ciconine  in  character,  I  now  pass  to  a  brief  consideration 
of  its  appendicular  skeleton. 

Of  the  Appendicular  Skeleton : — We  can  gain  only  a  little  by 
a  comparison  of  the  bones  of  the  pectoral  liinb  of  Scopus  with 
those  of  Ardea  and  of  Ciconia,  but  as  far  as  it  goes,  the  Stork 
characters  seem  to  predominate  over  such  Heron  ones  as  are  to 
be  found. 

This  is  seen  in  the  greater  prominence  of  the  ulnar  tuberosity 
of  the  humerus,  and  still  more  clearly  in  the  arching  of  the 
shaft  of  the   medius  metacarpal   of   the   carpo-metacarpus   of 
manus,  that  part  of   the  bone  in  Ardea  being  more  or   less 
parallel   to   the   shaft   of    the   index   metacarpal.      There    are 
minute  claws  present  on  the  distal  ends  of  the  finger  joints  of 
the  pollex  and  index  digits,  but  whether  these  are  covered  by 
the  skin  or  not  in  the  living  bird  I  am  unable  to  say  without 
first   having   examined   a   fresh    specimen.      The   humerus    is 
thoroughly    pneumatic,    but   the    bones    of    the   forearm    and 
pinion  are  probably  not  so.     None  of  the  bones  of  the  pelvic 
extremity  seem  to  be  pneumatic ;  the  femur  is  partially  so  in 
Ardea  herodias,  while  it  is  very  completely  so  in  Ciconia  alba. 
Most  of  the  main  characters  of  the  bones  of  the  leg  point  to 
the    ciconine   affhiities   of   Scopus,  as,  for  example,  the  better 
or  more  conspicuous  development  of  the  pro-  and  ecto-cnemial 
processes  of   the  tibio-tarsus ;   in  the   more  or  less  pronounced 
presence  of  an  articular  facet  on  the  lower  side  of  the  osseous 
tendinal  bridge  at  the  antero-distal  end   of  that  bone, — which 
facet  articulates  with  a  very  pronounced  semiglobular  trochlea 
on   the   antero-median   aspect    of    the   summit   of    the    tarso- 
raetatarsus,  present  in  both  Scopus  and  Ciconia  alba,  but  not 
especially  noticeable  in  the  Heron. 

In  Ciconia  alba   the   hypotarsus   of   the    tarso-meta tarsus  is 
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a  single  median  channel,  with  its  sides  equally  conspicuous,  the 
whole  not  extending  any  great  distance  down  the  shaft.  This 
is  likewise  the  case  in  Scopus,  but  the  bottom  of  the  channel  is 
thrice  slightly  guttered  for  the  accommodation  of  tendons.  In 
Ardea,  as  has  been  shown  on  a  previous  page,  this  process 
is  entirely  different.  Distally,  the  tarsometatarsus  of  Scopus  is 
distinctly  ciconine,  in  that  the  lateral  trochlea  are  produced 
further  backwards  and  the  middle  one  further  downwards  than 
they  are  in  Ardea.  The  proportions  of  the  2^odal  digits  and 
their  characters  are  more  inclined  Stork-wards,  than  they  hint 
anything  to  us  of  a  pronounced  Heron-type. 

In  the  skeleton  of  Scopus  now  at  hand  the  humerus  has  a 
length  of  91  cms.,  the  ulna  of  11  cms.,  and  the  carpo-metacarpus 
of  47  cms.  ;  in  the  hinder  extremity,  the  femur  measures  4-9  cms. 
in  length,  the  tibio-tarsus  11*2  cms.,  and  the  tarso-metatarsus 
7*4  cms. 

Turning  to  the  skeletons  of  some  of  the  near  allies  of  Scopus 
among  the  Ardeidm,  Parker  has  said  "the  genus  Cancroma, 
might  be  placed  subgenerically  to  Balceniceps;  yet  although 
the  former  has  the  most  outspread  bill,  it  is  less  aberrant 
from  the  true  Herons  than  the  latter.  Indeed  the  Balceniceps 
seems,  as  it  were,  to  have  borrowed  characters  from  the 
Umbre  {Scopus) — a  bird  not  so  nearly  related  to  the  Herons  as 
itself — and  also  from  the  Ibises  on  one   hand,  and   from   the 

macrodactylous  Eails  on  the  other." "The   skull   of 

Cancroma  would  have  been  a  perplexing  study  without  the 
rest  of  its  skeleton,  which  is  remarkably  normal,  being  that  of 
a  true  Heron  shortened  in  joint  and  limb.^  Now  add  to 
that  shortening  of  the  joints  and  members  of  a  truly  Ardeine 
skeleton  which  we  see  in  Cancroma  the  necessary  robust,  and 
we  have  the  osseous  structure  of  Balceniceps  at  once." 

"  The  only  real  difference  between  the  vertebrae  of  Cancroma 
and  those  of  Ardea  is  the  comparative  shortness  of  those  of  the 
former;  the  vertebrae  of  Balceniceps  are  simply  those  of  a 
gigantic  Boat-bill." 

"  The   sternal   apparatus   of   Baloiniceps  is   the   most  extra- 

^  I  have  carefully  examined  the  entire  skeleton  of  Cancroma  zeladoni  (No. 
18,385  of  the  U.S.  Nat.  Mus.  Coll.),  and  can  fully  endorse  this  opinion  of 
Professor  Parker's. — R.  W.  S. 
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ordinary  part  of  its  structure;  for  although  the  scapulae  and 
coracoids  are  normal,  yet  the  furculum  and  the  sternum  have 
undergone  very  unlooked-for  changes.  The  furculum  has  very 
much  the  structure  of  that  of  the  Totipalmatte,  and  its  angle 
is  still  more  completely  fused  with  the  anterior  end  of  the 
sternal  keel  than  in  birds  of  that  family.  In  many  respects 
the  sternum  is  intermediate  between  that  of  the  Heron  and 
the  Adjutant ;  but  its  anterior  part  is  modified  like  that  of  the 
Scansores,  whilst  the  posterior  part  has  marked  ralline  and 
even  ibidine  characters.  The  long  toes,  moreover,  are  like 
those  of  the  Macrodactyli ;  but  the ,  leg-bones  and  the  bones  of 
the  upper  extremities  are,  save  in  point  of  size,  exactly  the 
counterpart  of  those  of  the  common  grey  Heron."  {Trans. 
Zool.  Soc.  Lond,  vol.  iv.  pp.  347,  348.) 

In  closing  this  brief  account  of  the  osteology  of  Scojnts  and  of 
Balceniceps,  I  would  say  that  I  have  written  out  a  very 
extended  description  of  the  skeletology  of  the  American  and 
other  forms  composing  the  Suborder  Herodiones,  which  it 
is  my  intention  to  publish  later  on.  In  that  memoir,  however, 
I  present  a  scheme  of  classification  which  includes  the  two 
forms  we  have  been  considering  in  the  present  paper ;  so, 
without  discussing  the  taxonomy  of  the  group  as  a  whole, 
for  that  I  will  do  when  the  Herodiones  come  to. be  published, 
I  present  here  simply  the  aforesaid  provisional  scheme,  which 
is  as  follows  : — 


Suborder. 

SUPERFAMILIES. 

Families. 

r'       _       _ 

Ibidoidea 

r  Plataleidse. 
)  Ibididfe. 

Herodiones     < 

Ciconoidea 

(  Ciconiidse. 
\  Scopiidse. 

Balyenicepetoidea 

f  Bahenicepidte 
1  Cancromidie. 

V. 

Ardeidte. 

EXPLANATION  OF  PLATE  XXXIX. 

Riglit  lateral  view  of  the  skeleton  of  Scopus  um.hretta,  Gmel. 

Reduced  about  one-half.  From  a  photograph  of  the  specimen 
in  the  Collections  of  the  U.S.  National  Museum  at  Washington 
(No.  18,898). 

Specimen  collected  at  CUngfl,  Africa. 
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THE  JOINT  m  A  FOWL'S  TONGUE  AND  ITS  VOCAL 
FUNCTION.     By  W.  AmsLiE  Hollis,  M.D. 

Whilst  investigating  the  physiology  of  the  'clocking'  of  a 
^  broody '  hen,  as  old  John  Ray  called  the  sound,  I  recently  met 
with  what  I  believe  to  be  an  undescribed  structure  in  the 
tongue  of  the  common  fowl.  As  it  presumably  forms  an  im- 
portant part  of  the  mechanism  producing  the  cluck,  and  is 
interesting  from  an  evolutionary  standpoint,  I  venture  to 
forward  this  short  note  to  the  JourTial  If  we  observe  a 
matronly  hen  whilst  she  is  quietly  convoying  her  brood  through 
the  unknown  perils  of  a  country  lane,  we  shall  notice  that  the 
cluch  is  really  a  dissyllable— a  ciduek.  Furthermore,  that  the 
beak  is  closed  whilst  the  sound  is  emitted.  Finally,  that  the 
hyoid  apparatus  with  the  larynx  ascends  at  the  beginning  of 
the  note,  to  fall  immediately  afterwards.  Now  the  rationale  of 
these  operations  is  readily  explicable  if  we  examine  the 
structural  details  of  the  mechanism  which  ostensibly  produces 
the  call. 

The  V-shaped  hyoid  bone  has  its  body  prolonged  anteriorly 
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Fig.  1 . — Dissection  showing  the  tongue  of  a  fowl.     (  x  3. ) 

a,  lingual  cartilage.  c  c,  long  tendon  of  hyo-glossal  (depressor) 

h,  distal  end  of  hyoid  spur.  muscle   (left). 

d,  elevator  muscle.  e,  section  through  right  cornu. 

in  the  form  of  a  spur  (fig.  1,  b),  which  is  imbedded  in  the 
root  of  the  tongue.  The  spur  ends,  as  seen  in  the  figure,  in  a 
■cavity,  which  forms  with  the  lingual  cartilage  (a)  a  hinge-joint. 
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The  latter  cartilage  in  old  birds  becomes  partially  ossified.  As. 
regards  range  of  movement,  the  angle  through  which  the  tip  of 
the  cartilage  can  descend  when  the  beak  is  carried  horizontally 
is  probably  not  greater  than  30°.^  The  joint  will  not  apparently 
permit  the  upward  elevation  of  the  fore-tongue.  There  is,  how- 
ever, some  lateral  movement.  In  shape  the  cartilage  is  a  sharp, 
conical  spicule  about  half-an-inch  long,  with  the  intrinsic 
elevator  muscle  inserted  on  the  upper  surface  of  the  proximal 
end  just  beyond  the  joint.  On  the  under  side,  about  a  line  or 
so  from  the  point,  are  the  insertions  of  the  two  long  tendons  (c  c) 
of  the  depressor  muscles  of  the  fore-tongue,  one  on  either  side. 
These  muscles  originate  on  the  inner  surface  of  the  greater 
cornua.  Besides  these  attachments,  the  lingual  cartilage  serves 
to  support  the  horny  integument  that  covers  the  tip  and  under- 
side of  the  fore-tongue,  and  it  retains  in  position  the  mucosa 
and  the  other  structures  which  together  make  up  that  complex 
resilient  organ. 

I  shall  next  briefly  explain  the  action  of  these  various 
structures  in  the  production  of  the  hen's  cluck.  Before  so 
doing,  however,  I  must  draw  attention  to  a  widely-spread  idea 
amongst  naturahsts,  that  a  bird's  tongue  has  nothing  to  do  witb 
the  emission  of  notes,  all  such  sounds  being  produced  by  the- 
so-called  syrinx.  It  will  not  be  difficult,  I  believe,  to  show  that 
this  statement,  even  if  we  exclude  from  its  provisions  the  wellj 
educated  parrot,  is  far  too  sweeping  in  its  terms,  and  that  it 
does  not  apply  to  the  notes  of  a  '  clocking '  hen.  When  the 
hyoid  bone  of  the  fowl  is  pushed  upwards,  the  tongue,  which 
usually  rests  between  the  rami  of  the  lower  jaw,  is  necessarily 
pushed  upwards  also,  for,  as  above  stated,  the  anterior  spur  of 
this  bone  is  firmly  imbedded  in  the  root  of  that  organ.  If  we 
perform  the  above  operation  on  a  dead  bird  when  the  beak  is 
open,  it  will  be  seen  that  the  upper  surface  of  the  tongue 
glides  over  the  roof  of  the  mouth  until  the  tip  is  about  an 
eighth  of  an  inch  in  front  of  the  anterior  extremity  of  the 
membranous  slit  which  communicates  with  the  nares  in  these 
schizognathous  birds.  The  dorsum  now  adapts  itself  closely  to 
the  irregularities  of   the  hard   palate,  or   whatever   represents 

1  In  wild  birds  of  this  order  {cjj.  pheasants),  the  range  of  movement  is  probably- 
greater. 
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this  surface,  and  in  so  doing  hermetically  seals  the  respiratory 
slit  aforesaid.  In  other  words,  the  tongue  acts  as  a  valve 
dividing  the  respiratory  tract  between  the  nose  and  the  throat. 
The  movements  I  have  just  described  as  taking  place  when  the 
beak  is  open,  occur  under  similar  conditions  still  more  readily 
when  it  is  closed ;  for  the  roof  of  the  mouth  is  then  much 
nearer  the  dorsum  of  the  tongue  than  it  is  in  the  other  case. 
If  the  palatal  slit  is  closed  by  this  means,  and  the  descent  of 
the  hyoid  begins,  the  root  of  the  tongue  falls  with  it,  but  the 
fore-tongue,  owing  to  the  mechanism  above  explained,  can  still 
retain  for  an  instaut  its  position  against  the  roof  of  the  mouth. 
The  tongue  leaves  the  roof  then  in  two  detachments,  and  at  the 
same  time  it  reopens  the  sonorous  cavity  of  the  mouth,  which 
was  practically  obliterated  by  the  elevation  of  the  former.  Now 
all  these  operations,  which  require  many  words  to  describe,  take 
place  each  time  the  hyoid  bone  is  raised  and  depressed ;  that  is^ 
coincidently  with  the  emission  of  a  culuck  by  a  broody  hen. 
If  the  sound  is  produced,  as  I  believe  it  to  be,  at  the  commence- 
ment of  an  in-breath,  it  suggests  an  interesting  connection  with 
suctional  clicks  of  Dakota  and  Kaffraria,  but  that  is  another 
story. 


ON  THE  NOTCHES  AND  FISSUKES  OF  THE  SPLEEN 
AND  THEIE  MEANING.  By  F.  G.  Parsons,  Lecturer 
on  Anatomy  at  St  Thomas's  Hospital, 

Through  the  kindness  of  the  gentlemen  in  charge  of  the  post- 
mortem room  I  have  lately  been  enabled  to  examine  and  sketch 
113  spleens,  and,  as  the  arrangement  of  their  notches  rather  modi- 
fied my  preconceived  ideas,  I  have  thought  it  worth  while  record- 
ing them  in  some  detail,  together  with  a  short  account  of  the 
embryology  and  comparative  anatomy  of  the  subject. 

Of  course  all  material  coming  from  the  post-mortem  room  is 
open  to  suspicion,  and  especially  is  this  the  case  with  viscera. 
I  have  therefore  been  very  careful  to  reject  anything  that  was 
regarded  as  at  all  pathological,  and  it  seems  to  me  that,  if  this 
is  carefully  done,  viscera  from  the  .post-mortem  room  are  less 
likely  to  give  false  ideas  than  are  those  from  the  dissecting 
room,  because  they  have  been  examined  by  pathologists  and 
have  not  been  subjected  to  injection  or  prolonged  keeping; 
moreover,  all  ages  are  proportionately  represented.  I  have  found 
notches  on  the  anterior,  posterior  and  inferior  borders  of  the 
spleen  as  well  as  fissures  on  the  parietal  surface  which  often 
have  a  very  definite  and  characteristic  arrangement.  The 
material  on  which  I  propose  to  generalise  has  been  tabulated 
in  the  accompanying  seven  columns,  the  youngest  spleens  being 
placed  first — (pp.  414-17). 

Col.  No.  1  gives  the  number  of  notches  found  in  the  anterior 
or  ventral  border,  and  the  letters  '  u,'  '  m,'  and  '  1 '  show 
approximately  whether  these  notches  occurred  in  the  upper, 
middle  or  lower  thirds  of  that  border. 

In  the  second  col.  simple  notches  in  the  posterior  or  dorsal 
border  are  recorded — that  is  to  say,  notches  which  are  not  pro- 
longed into  definite  fissures. 

In  the  third  col.  are  placed  notches  on  the  posterior  border 
which  are  continued  into  fissures  on  the  parietal  or  diaphrag- 
matic surface  as  in  fig.  1. 
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When  the  fissures  on  the  parietal  surface  do  not  reach  as  far 
as  either  the  anterior  or  posterior  border,  their  presence  is  shown 
in  col.  4. 

Col.  No.  5  is  for  fissures  on  the  parietal  surface  forming  a 


Fig.  1. 
Human  Spleen,  showing  a  notch 
on  the  posterior  border  con- 
tinued into  a  fissure  on   the 
parietal  surface. 


Fig.  2. 
Human  Spleen,  showing  a  fissure 
on  the  parietal  surface. 


notch   on  the  anterior,  but  not  extending  as  far  back  as  the 
posterior  border. 

In  the  sixth  col.  those  fissures  on  the  parietal  surface  which 


Fig.  3. 

Human  Spleen,  showing  a  fissure  on  the  parietal  surface 

forming  a  uotch  on  both  borders. 

make   a   notch    on    both    anterior   and   posterior   borders    are 
placed. 

The  seventh  col.  is  for  notches  on  the  inferior  border. 
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7. 

Notches  on  the 
Inferior  Border. 
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Fissures  on 
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On  examining  col.  1  we  get  some  idea  of  the  number  of 
notches  which  are  found  on  the  anterior  border.  Out  of  the 
113  specimens,  8  (7%)  have  no  notches  at  all,  30  (27%)  have  one 
notch,  37  (33%)  have  two,  18  (16%)  have  three,  9  (8%)  have 
four,  5  (nearly  5%)  have  five,  4  (nearly  4%)  have  six,  while  only 
one  specimen  was  found  with  as  many  as  seven  notches.  It 
therefore  seems  that  two  notches  is  the  commonest  arrangement, 
and,  after  that,  the  larger  the  number  of  notches,  the  rarer  will 
the  specimen  be.  Another  point  which  struck  me  was  that  the 
notches  on  the  spleens  of  young  subjects  are  usually  smaller  in 
proportion  than  in  those  of  adults  ;  this  fact  has  been  called 
attention  to  in  the  column  and,  I  think,  is  important.  It  will  be 
necessary  to  examine  three  columns  to  get  an  idea  of  the  frequency 
of  notches  on  the  posterior  border ;  col.  2  gives  simple  notches, 
col.  3  notches  combined  with  a  fissvire,  while  if  that  fissure  forms 
a  notch  on  the  anterior  border  as  well,  it  is  recorded  in  col.  6. 
On  referring  to  these  three  columns  we  find  that  out  of  113  spleens 
37  (32%)  showed  notches  on  the  posterior  border.  This  large 
percentage  caused  me  a  good  deal  of  surprise,  as  I  had  always 
thought  that  notches  on  the  posterior  border  were  very  rare. 

On  referrincj  to  cols.  3  and  6  it  will  be  seen  that,  of  these  37 
specimens,  18,  or  practically  half,  had  the  notches  continued 
into  fissures  on  the  parietal  surface.  These  fissures  are  very 
constant  in  their  position  and  direction  and  run  from  the 
posterior  border  obliquely  upward  and  forward  when  the  long 
axis  of  the  spleen  is  held  vertically ;  when  the  spleen  is  in  its 
normal  position,  however,  they  are  themselves  nearly  vertical 
(see  figs.  1,  2  and  3). 

Four  columns  are  devoted  to  these  fissures ;  in  col.  3  they 
form  a  notch  on  the  posterior  border  only  (see  fig.  1),  in  col.  4 
they  do  not  reach  either  border  (see  fig.  2),  in  col  5  they  form 
a  notch  on  the  anterior  border  only,  while  in  col.  G  they  reach 
both  borders  (see  fig.  3).  To  ascertain  the  total  frequency  of 
the  appearance  of  these  fissures,  cols.  3  to  6  must  be  added 
together,  and  we  then  find  that  out  of  the  113  spleens,  23  (20  %) 
showed  some  trace  of  a  fissure  on  the  parietal  surface.  Of 
these  by  far  the  most  numerous  are  fissures  which  form  a  notch 
on  the  posterior  border  only,  but  a  few  stretch  right  across, 
while   an   equal  number  form  a  notch  only  on   the   anterior 


NOTCHES    AND    FISSURES    OF   THE   SPLEEN.  423 

border.  In  two  cases  out  of  the  113  the  fissures  did  not  reach 
either  border  (see  fig.  2). 

Although,  as  a  rule,  only  one  fissure  is  present,  an  inspection 
of  the  tables  will  show  that  two  are  by  no  means  infrequent. 

Notches  on  the  inferior  border  are  not  very  common,  still 
they  occurred  in  9  out  of  the  113  spleens  (8  ^),  (see  col.  7). 

With  regard  to  the  meaning  of  these  notches  and  fissures,  I 
at  one  time  looked  upon  them  as  remnants  of  a  primitive 
lobulation  of  the  spleen,  such  as  one  finds  so  often  in  the 
kidneys,  liver  and  lungs  of  lower  animals,  but  more  lately  I 
have  regarded  them  as  secondary  developments  caused  by  a 
crumpling  of  the  viscus  through  pressure,  and  by  its  growth 
being  checked  by  traction  at  certain  points.  It  may  perhaps  be 
worth  while  seeing  what  comparative  anatomy  and  embryology 
have  to  tell  us  on  these  points. 

Tracing  the  morphology  of  the  spleen  backward  from  man, 
we  find  that  in  the  Anthropoids  it  is  less  notched,  but  among 
the  lower  monkeys  and  lemurs  notches  are  common  enough. 


Fig.  4.— Spleen  of  Green  Monkey,  showing  hilum. 

Fig.  4  shows  the  spleen  of  a  green  monkey  (Cercopithecus 
callitrichus)  with  three  notches.  The  Carnivora  are  remarkable 
for  the  frequence  of  notches  on  all  the  borders.  I  have  found 
them  in  the  following  representative  series:  cat,  lion,  civet, 
suricate,  kinkajou,  coati,  dog,  wild  dog  (Otocyon),  fox,  polecat, 
otter,  ordinary  seal  and  crested  seal.  Fig.  5  shows  an  extremely 
notched  spleen  from  the  ordinary  seal  (Phoca  vitulina),  though 
in  other  animals  of  the  same  species  there  were  not  nearly  so 
many  notches. 

The  Ungulata  contrast  very  sharply  with  the  Carnivora ;    I 
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have  examined  many  species  of  deer  and  antelopes,  and  only 
occasionally  have  I  found  even  a  single  notch;  neither  are 
notches  found  as  a  rule  in  the  ox,  sheep,  goat  and  horse.     The 


Fig.  5.— Spleen  of  Seal,  showing  many  notches. 

museum  of  the  College  of  Surgeons,  however,  has  specimens  of 
spleens  of  the  Indian  and  African  elephants,  the  hippopotamus 
and  the  peccary,  which  are  distinctly  notched. 

Fig.  6  shows  the  spleen  of  the  axis  deer  (Cervus  axis),  which 
I  believe  is  fairly  typical  of  that  of  the  Ungulata  as  an  order. 


Fig.  6. — Spleen  of  Axis  Deer. 

The  Eodentia  are  another  order  in  which  unnotched  spleens 
are  usually  found,  and  the  borders  of  the  Manatee's  spleen  are 
quite  smooth.  In  the  Marsupialia  and  Monotremata  the 
curious  Y-shaped  appearance  of  the  spleen  is  well  known,  but 
apart  from  this  there  are  no  notches. 

In  birds  and  reptiles  the  organ  has  usually  smooth  borders, 
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but  in  some  species,  such  as  the  Iguana  (fig.  7),  there  are  many 
notches,  and  each  one  corresponds  to  the  point  of  entrance  of  a 
vessel. 

The  amphibia  occasionally  have  notched  spleens,  as  in  the  case 


Fi<;.  7.— Spleen  of  Iguana  Lizard. 

of  the  giant  salamander,  but  usually  they  are  smooth.  It  is 
only  when  we  get  down  to  the  elasmobranch  fish  that  we  find 
the  spleen  really  lobulated,  and  it  is  curious  how  inconstant 


Fig.  8.— Spleen  of  Porbeagle  ShaiK. 

this  lobulation  is  ;  for  instance,  in  the  basking  shark  (Selache) 
(fig.  8)  and  the  porl)eagle  shark  (Lamna)  the  organ  is  divided 
into  perhaps  a  hundred  lobes,  while  in  the  dogfish  (Scyllium) 
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it  is  perfectly  smooth.     In  the  chordate  animals  below  the  fish 
(Cyclostomata  and  Acrania)  no  spleen  has  been  found. 

With  regard  to  human  embryology,  T  have  examined  many 
foetuses  from  three  months  upward,  and  my  experience  is  that 
notches   are  less    frequent   tlian   in    the  adult,  at  any  rate  I 
am  convinced  that  they  are  not  more  frequent,  and  neither  in 
the  human  fretus  nor  in  the  lower  animals  have  I  seen  anything 
corresponding  to  the  distinct  fissures  on  the  parietal  surface 
already  described  in  the  adult.     To  me,  as  I  have  already  said, 
it  seems  that  the  notches  and  fissures  of  the  human  spleen  must 
have  one  of  two  meanings,  either  they  are  the  remnants  of  an 
ancestral  arrangement  such  as  lobulation,  or  they  are  formed  by 
some  mechanical  cause  connected  with  the  growth  of  the  spleen 
and  surrounding  viscera,  a  cause  which  may  not  act  as  strongly 
in  one  individual  or  in  one  group  of  animals  as  in  another.    If  the 
notches  have  any  atavistic  meaning  it  is  probable  that  they 
would  be  found  more  markedly  in  the  foetus  than  in  the  adult, 
as  is  the  case  with  the  kidneys,  but  my  experience  of  fffital 
spleens  is  that  they  are  less  freely  and  less  deeply  notched  than 
they  are  after  birth.     Again  it  will  be  noticed  from  the  tables 
that  in  subjects  below  two  years  the  notches  are  often  remark- 
able for  their  slight  depth  and  are  not  prolonged  into  fissures 
running  across  the  viscus.     Comparative  anatomy  shows  how 
far  back  one  has  to  go  for  a  completely  lobulated  spleen,  right 
back  to  the  elasmobranch  fish,  and  even  here  lobulation  is  by 
no  means  constant.     The  comparison  l:)etween  the   Carnivora 
and  Ungulata  is  interesting,  because  it  is  well  known  that  in 
riesh-eating   animals    the   spleen   is   larger  than   in  vegetable 
feeders,  and  it  seems  that  notching  is  correlated  with  the  in- 
creased size  of  the  organ.     All  the  evidence  therefore  goes  to 
show  that  the  notches  are  mere  crumplings  of  the  spleen  due  to 
its  growth  and  to  the  pressure  of  the  surrounding  viscera. 

There  must,  however,  be  some  cause  for  this  crumpling 
occurring  at  one  point  more  than  another,  and  this  I  think  is 
the  distribution  of  the  main  vessels.  In  looking  at  the  figures 
of  the  spleens  of  the  iguana  and  seal,  one  is  struck  by  the  way 
in  which  most  of  the  notches  correspond  to  vessels  (figs.  5  and  7), 
and  in  a  polecat's  spleen  which  I  lately  examined  I  found  two 
vessels  running   ventralward   to   the  stomach,  each   of   which 
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corresponded  to  a  well-marked  notch  in  the  ventral  border,  and 
one  passed  under  a  little  bridge  of  splenic  tissue  (fig.  9). 

In  man  the  notches  often  correspond  to  forward  projections 
of  the  attachment  of  the  gastro-splenic  omentum,  such  projec- 


FiG.  9.  — Spleen  of  Polecat. 

tions  are  shown  in  the  spleen  of  the  green  monkey  (fig.  4)  and 
in  the  accompanying  human  spleen  (fig.  10).  They  do  not  by 
any  means  always  correspond  to  notches,  but  the  coincidence 


Fig.  10. — Human  Spleen,  showing  a  process  of  the  gastro-splenic  omentum 

towards  a  notch. 

of  the  two  structures  is  too  frequent  to  be  merely  accidental. 
My  impression  is  that  the  presence  of  a  large  vessel  makes  the 
spleen  less  inclined  to  bulge  at  that  point  and,  combined  with 
pressure,  determines  the  site  of  the  future  notch. 
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A  Topoqmi)liical  Atlas  of  the  Spinal  Cord.     By  Alexander  Bruce, 
M.i).     Williams  &  Norgate.     London  and  Edinburgh,  1901. 

Nine  years  ago  we  reviewed  in  t]m  Journal  (vol.  xxvii.  p.  286)  an 
important  treatise  on  the  nerve  tracts  in  the  Mid  and  Hind  Brain  and 
the  Cranial  nerves  arising  therefrom.  In  this  work  Dr  Bruce  de- 
scribed and  illustrated  the  structure  of  these  divisions  of  the  Brain.  In 
the  quarto  volume  now  before  us  Dr  Bruce  has  reproduced,  in  thirty- 
two  plates,  a  series  of  illustrations  of  the  grey  and  white  matter  of 
the  .Spinal  Cord,  of  the  distribution  of  the  motor  nerve  cells,  and  of 
such  features  of  structure  as  may  serve  to  identify  any  segment 
of  the  cord  in  which  the  form  of  the  anterior  cornu  is  not  sufficiently 
distinctive.  To  carry  out  this  object,  a  perfectly  healthy  spinal  cord 
had  been  selected  and  divided  into  its  various  segments,  each  of  which 
in  its  turn  had  been  cut  into  serial  microscopic  sections  of  uniform 
thickness,  which  Avere  stained  and  prepared,  so  that  in  some  the  shape 
of  the  grey  matter,  and  in  others  the  arrangement  and  number  of  the 
motor  nerve  cells,  could  be  determined.  The  investigation  was,  there- 
fore, one  of  much  labour,  and  the  thirty-two  plates  give,  for  the  first 
time,  a  systematic  and  continuous  view  of  ihe  grey  matter  and  motor 
cells  in  the  cord  from  the  segment  of  origin  of  the  first  cervical  nerve 
to  the  coccygeal  segment. 

As  an  introduction  to  the  plates,  Dr  Bruce  states  that  the  cord 
selected  was  one  of  a  series  of  five  that  had  been  completely  examined. 
The  fixing  reagent  was  Weigert's  chrome-ahmi-copper  solution,  the 
stain  for  "the  myelin  sheath  was  Ford-Robertson's  modification  of 
Heller's  method,  whilst  for  the  nerve  cells,  toluidin  and  polychrome 
blue  were  employed. 

The  plates  are  highly  artistic  reproductions  of  the  characters 
of  the  sections.  Photographs  were  taken  by  ^Mr  Richard  j\Iuir,  of 
the  Pathological  Laboratory  of  the  University  of  Edinburgh,  and 
were  magnified  ten  times  to  show  in  transverse  section  the  arrange- 
ment of  the  grey  and  white  matter,  and  twenty  times  to  show  the  dis- 
position of  the  motor  nerve  cells.  These  photographs  have  been 
reproduced   in   photogravures   by  Messrs  J.    &   T.  Annan  &   Sons, 

Glasgow. 

One  can  scarcely  conceive  it  possible  to  have  more  beautiful  repre- 
sentations of  the  relative  disposition  of  the  grey  and  Avhite  matter 
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throughout  the  whole  length  of  the  cord  than  is  afforded  by  the 
figures  in  the  Atlas.  Those  illustrating  the  grey  matter  in  the  motor 
horn  and  the  nerve  cells  are  distinguished  by  a  softness  and  delicacy 
of  character  which  are  most  pleasing.  One  cannot,  however,  but  feel 
that  if  the  author  had  arranged  his  plates  so  as  to  have  given  a  some- 
what higher  magnification  of  the  motor  cells,  the  reader  would  have 
been  in  a  better  position  to  appreciate  the  demonstration  of  their 
number  and  disposition  in  each  segment. 

In  the  introduction  of  fifteen  pages  Dr  Bruce  describes  the  method 
which  he  pursued  in  the  investigation,  and  gives  an  account  of  the 
form  of  the  grey  matter,  and  the  number  and  arrangement  of  the 
motor  cells  in  the  different  regions  of  the  cord.  By  the  aid  of  this 
Atlas  observers  ought  to  have  no  difficulty  in  identifying  any  segment 
of  the  cord  in  the  examination  of  transverse  sections  through  it,  and 
the  figures  will  be  a  great  boon  to  pathologists  in  the  study  of  the 
changes  which  take  place  in  this  organ  as  a  result  of  disease. 

From  the  attention  which,  as  is  well  known,  Dr  Bruce  has  paid  to 
the  tracts  of  nerve  fibres  in  the  columns  of  white  matter,  we  may 
hope  that  he  will,  in  due  time,  produce  an  Atlas  in  illustration  of  their 
position  and  extent  comparable  with  the  one  now  before  us  on  the 
grey  matter. 
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A  MEETING  of  the  Anatomical  Society  of  Great  Britain  and  Ireland 
was  held  at  Guy's  Hospital  on  Friday,  February  8th,  at  4.30.  The 
President,  Professor  A.  H.  Young,  occupied  the  chair.  Twenty-one 
members  and  six  visitors  were  present. 

Before  commencing  the  business  of  the  meeting,  the  President 
moved : — 

"That  the  members  of  the  Anatomical  Society  of  CJreat  Britain  and 
Ireland  desire  to  record  their  profound  grief  at  the  death  of  Her  Most 
Gracious  Majesty  Queen  Victoria,  and  their  deep  sense  of  the  great 
influence  the  Queen  exercised  on  all  that  made  for  good  and  progress. 
In  particular  the  Society  gratefully  recalls  the  Queen's  interest  in  the 
advancement  of  science.  The  Society  desires  further  to  offer  to  His 
Majesty,  King  Edward  the  Seventh,  a  dutiful  assurance  of  unswerving 
and  devoted  loyalty  to  his  throne  and  person." 

Mv  R.  Clement  Lucas,  Vice-President,  in  seconding  the  resolution, 
said  he  had  been  chosen  as  a  member  of  the  staff  of  Guy's  Hospital  to 
second  this  resolution,  because  the  meeting  Avas  being  held  in  Guy's 
Hospital,  a  hospital  which  had  benefited  so  greatly  by  the  interest 
His  Majesty  King  Edward  VII.  had  taken  in  it,  and  by  the  great 
honour  he  had  bestowed  upon  it  by  accepting  the  position  of  Presi- 
dent. The  members  of  the  Society  were  loyally  and  devotedly 
attached  to  the  throne,  and  he  had  little  doubt  that  His  jNlajesty  the 
King  would  show  the  same  interest  in  the  advancement  of  science  as 
had  been  evinced  by  his  revered  and  Royal  mother. 
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The  members  signified  by  standing  their  unanimous  acceptance  of 
the  resohition. 

The  minutes  of  last  meeting  were  read  and  confirmed. 

The  following  were  elected  members  of  the  Society  : — Walter 
KiDD,  M.D.,  proposed  by  G.  D.  Thane,  E.  Barclay  Smith,  G.  B. 
Howes.  William  K.  Hutton,  M.A.,  M.B.,  Senior  Demonstrator  of 
Anatomy,  University  of  Glasgow,  proposed  by  J.  Yule  Mackay, 
Alexander  Macphail,  A.  Keith.  E.  H.  S.  Swan,  M.B.,  B.S.,  Junior 
Demonstrator  of  Anatomy,  Guy's  Hospital,  proposed  by  R.  Clement 
Lucas,  Y.  G.  Parsons,  G.  W.  Thane.  J.  V.  Worthixgton,  Junior 
Demonstrator  of  Anatomy,  London  Hospital  Medical  College,  pro- 
posed by  T.  Openshaw,  H.  Rigby,  J.  H.  Sequeira.  C.  R.  Box,  M.D., 
proposed  by  F.  G.  Parsons,  G.  H.  Makins,  A.  Keith. 

The  following  communications  Avere  made  : — 

(1)  Mr  L.  H.  Duckworth  demonstrated,  by  means  of  lantern  slides, 
the  following  specimens  :— 

(i.)  An  unusually  large  0-s'  innoviinatnm  of  Gorilla.  The  maximum 
length  of  the  bone  is  412  ;  the  corresponding  figures  for  the  skeletons  of 
the  large  animals  dissected  by  Duvernoy  and  by  Owen  being  350  mm. 
and  360  mm.  respectively.  The  specimen  now  shown  also  possesses 
an  unusually  well  developed  anterior  inferior  iliac  spine  for  a  gorilla. 

(ii.)   Crania  of  two  young  Gorillas,  in  which  there  is  independent 


Fig.  1. — Specimen  of  Chimpanzee's  Skull,  showing  divided  parietal. 
In  Museum,  Copenhagen. 

ossification  of  that  part  of  the  frontal  bone  adjoining  the  pterion 
region.  Such  an  independent  ossification  produces  the  appearance  of 
a  post-frontal  bone,  though  it  is  difilcult  to  determine  whether  the 
morphological  value  of  this  is  different  from  that  of  the  smaller 
Wormian  bones  so  frequent  in  this  region. 

(iii.)  Some   other  skulls,  human  and  anthropoid,  were  shown  as 
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further  illustrations  of  irregularity  in  the  ossification  of  the  cranial 
vault. 


(2)  Professor  Patbrson  showed  the  skeleton  of  a  full-time  hydro- 
cephalic foetus,  with  an  additional  pra^sacral  (cervical)  vertebra.     The 


Fig.  2.— Vertebral  Column,  with  aelditional  Pra^sacral  Vertebra  (cervical), 

A.  M.  P. 

skeleton  was  mounted,  more  for  the  sake  of  the  head  than  the  other 
parts.     The  sternum  was  removed  separately,  so  that  one  is  sure  of  its 
condition  in  the  fresh  state. 
The  vertebral  formula  is 

C.  8,  T.  12,  L.  5,  S.  5,  Co  (cart.). 

The  chief  peculiarity  lies  in  the  condition  at  the  upper  end  of  the 
thoracic  region.    On  the  right  side  the  eighth  vertebra  bears  a  rib  with 
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well-formed  head  and  tubercle,  the  shaft  of  which  is  fused  with  that 
of  the  succeeding  rib.  On  the  left  side  there  is  also  a  cervical  rib, 
but  in  this  case  the  rib  ends  in  a  point,  and  is  free  from  both  the  suc- 
ceeding rib  and  the  sternum. 

The  second  rib  (first  sternal  rib)  in  both  sides  resembles  in  general 
form  the  normal  second  rib. 

A  point  of  additional  interest  in  the  specimen  lies  in  the  form  of 
the  prassternum,  which  possesses  on  the  left  side  a  tapering  horn  of  - 
cartilage,  apparently  the  first  costal  cartilage.     This  is  separated  by  a 
wide  interval  from  the  cervical  rib.     The  clavicles  articulated  in  the 
normal  position  at  the  upper  border  of  the  prsesternura. 

(3)  Professor  Paterson  showed  examples  oi  suprasternal  ossifications, 
and  stated  that  out  of  563  sterna  of  various  ages  examined,  467,  or 
83  per  cent.,  might  be  regarded  as  normal  in  regard  to  the  condition 
of  the  suprasternal  notch.  The  remaining  96  cases  (17  percent.)  pre- 
sented deviations  from  the  normal  along  two  lines,  accompanied  by 
absence  of  the  notch.  In  51  cases  (9  per  cent.)  there  was  a  tendency 
towards  the  formation  of  a  single  median  protuberance  in  place  of  the 
notch.  In  some  cases  the  border  was  flat,  in  some  convex,  and  in 
the  most  pronounced  cases  there  existed  a  distinct  median  projection. 
In  45  cases  (8  per  cent.)  there  were  found  in  the  suprasternal  border 
two  lateral  projections  in  the  form  of  ridges  or  tubercles  (which  were 
in  some  cases  provided  with  articular  facets).  In  one  case  there  was 
a  pronounced  tubercle  on  one  side  and  a  sessile  prominence  on  the 
other  side,  surmounted  by  an  articular  facet.  Among  the  whole  series 
there  was  only  one  example  in  which  a  pair  of  separate  suprasternal 
ossicles  articulated  with  facets  in  the  upper  border  of  the  prsesternum. 

(4)  Mr  H.  L.  Barnard  showed  a  specimen  of  large  loculated  bursa 
between  the  semimemhranosus  tendon  and  the  inner  head  of  the  gastro- 
cnemius.    A  narrow  process  passed  beneath  the  latter  tendon. 

Injection  showed  that  this  bursa  did  not  communicate  with  the 
joint  although  in  the  recent  state  it  had  become  prominent  and  tense 
on  extension  of  the  knee  joint  and  flaccid  and  indistinct  when  the 
knee  was  flexed. 

The  specimen  was  exhibited  to  show  how  fallacious  this  sign  was  as 
an  indication  of  communication  with  the  joint.  It  is  well  known  to 
surgeons  and  anatomists  that  only  about  one-third  of  these  enlargeil 
bursce  communicate  with  the  joint  (Gruber,  IMacalister),  yet  practically 
all  give  this  sign. 

The  true  explanation  of  this  sign  appears  to  be  that  the  popliteal 
space  is  much  more  capacious  in  the  flexed  than  in  the  extended 
position. 

In  the  flexed  position  the  floor  of  the  popliteal  space  slopes  from 
above  and  below  to  its  deepest  point  opposite  the  line  of  the  joint, 
whilst  the  protuberant  posterior  extremities  of  the  condyles  of  the 
femur  rotate  and  glide  forw'ard  on  the  tibial  articular  surfaces.  The 
sides  are  deep  and  are  formed  by  the  liamstring  tendons  projecting 
Avell  behind  the  lower  end  of  the  femur.     The  roof  formed  by  the 
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fascia  lata  attached  to  tlie  hamstring  tendons  on  either  hand  is 
relaxed. 

From  these  considerations  it  will  be  seen  that  an  enlarged  so-called 
semimembranosus  bursa  which  is  attached  to  the  internal  condyle  of 
the  femur  will  be  withdrawn  into  the  depths  of  the  space  and  will 
become  flaccid  and  less  obvious  through  the  general  relaxation  of  the 
parts  and  the  increase  in  the  capacity  of  the  space  in  which  it  is 
contained.  /::    :  ••• 

When  the  knee  is  fully  extended  the  floor  of  the  space  comes 
almost  into  contact  with  the  roof,  not  only  because  the  angle  between 
the  femur  and  tibia  has  now  become  a  straight  line,  but  also  because 
the  prominent  posterior  extremities  of  the  condyles  of  the  femur  have 
rotated  back  upon  the  head  of  the  tibia  and  now  project  practically 
beneath  the  skin  covering  the  space.  The  vessels  and  nerves  are 
accommodated  in  the  narrow  digital  fossa  between  the  condyles. 

The  sides  of  the  space  are  now  very  shallow,  for  the  hamstring 
tendons  for  the  most  part  lie  along  the  sides  of  the  condyles,  whilst 
the  roof  of  the  fascia  is  drawn  tightly  over  the  contents. 

Thus  it  comes  to  pass  that  the  enlarged  bursa  is  projected  back- 
wards by  the  internal  condyle  and  rendered  tense  by  the  diminution 
in  capacity  of  the  space  and  the  general  compression  of  the  structures 
in  it. 

The  only  reliable  sign  of  communication  with  the  joint  is  that  of 
Erichsen — viz.,  to  obliterate  the  cavity  of  the  bursa  by  direct  pressure 
and  show  that  there  is  then  free  fluid  in  the  knee  joint. 

Even  this  sign  is  of  negative  value,  as  the  opening,  when  present,  is 
often  small  and  tortuous,  and  the  contents  of  the  bursa  are  frequently 
too  thick  to  readily  pass  through  it  or  melon  seed  bodies  are  present, 
and  block  the  narrow  wav. 

V 

(5)  Professor  A.  Macalister,  F.R.S.,  showed  the  following  speci- 
mens :^- 

(i.)  A  specimen  in  which  the  timer  ■•sesamoid  heme  of  the  great  toe 
■was  transversely  divided,  and  thus  appeared  double. 

(ii.)  A  foetal  skull  in  which  the  infraorbital  margin  of  the  malar 
hone  articulated  with  the  hamulus  lacrtjmalis.  The  condition  is  a 
rare  one,  only  two  cases  being  hitherto  recorded. 

(6)  Mr  F.  G.  Parsons  showed  a  series  of  spleens  illustrating  the 
various  forms  of  fission  found  on  the  renal  aspect.  The  communica- 
tion is  ])ublished  at  length  in  the  Journal  of  Anatormi  and  Phydologij, 
April  1901. 

(7)  Mr  Keith  showed  a  specimen  of  a  Doiihle  Kidney,  one  kidney 
being  included  in  the  other,  and  each  having  its  own  ureter  (fig.  3,  a). 
The  two  ureters  united  half  an  inch  above  the  vesical  orifice.  The 
specimen,  which  was  sent  to  the  museum  of  the  London  Hospital  by 
Dr  Schorstein,  was  that  of  a  boy  aged  8,  and  belonged  to  the  right 
side.     The  opposite  kidney  was  normal. 

The  specimen  was  interesting,  because  it  seemed  to  show  that  the 
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condition  of  double  ureter  was  due  to  a  dichotomy  of  the  renal  (meta- 
nephric)  bud  as  it  grew  into  the  lumbar  region  from  the  Wolffian 
duct.  As  the  cortex  was  developed  (glomeruli,  etc.),  the  buds  had 
fused  together.  He  regarded  all  cases  of  double  ureter  as  due  to  a 
dichotomy  of  the  renal  bud.  Normally  the  bud  divided  into  three 
parts,  in  each  of  which  an  infundibulum  of  the  pelvis  of  the  kidney 
was  formed.  In  the  normal  kidney  of  the  left  side  the  two  lower 
infundibula  were  united  in  a  common  part  of  the  pelvis,  while  the 


A.  Fig.  3.  B. 

A.  Anterior  Half  of  Right  Kidney  (double  ureter). 
£.  Anterior  Half  of  Left  Kidney. 

(Drawn  by  H.  Balean.) 

upper  was  more  distinctly  separated.  The  lower  separate  ureter  of 
the  right  side  represented  the  two  lower  infundibula  of  the  left  side. 

Professor  Pateeson  did  not  think  the  specimen  could  properly  be 
described  as  double  ;  the  hilum  of  one  so-called  kidney  was  continuous 
with  that  of  the  other.  Further,  he  believed  the  ureter  and  the 
kidney  tubules  were  of  separate  origin,  the  ureter  only  being  developed 
as  a  bud  from  the  Wolffian  duct. 

Professor  Arthur  Eobinson  agreed  with  Professor  I'aterson's 
criticism, 

(8)  Mr  Keith  also  showed  a  number  of  oblique  sections  made  nearly 
in  a  sagittal  plane,  to  illustrate  the  relationships  of  the  gall  bladder 
and  bile  ducts.  He  pointed  out  that  pressure  applied  to  the  anterior 
surface  of  the  liver,  as  by  corsets,  bent  the  cystic  duct  to  so  acute  an 
angle  that  were  it  not  for  the  valve  of  Heister  within  it,  the  channel 
would  be  obliterated.  Further,  that  when  the  liver  was  pressed 
against  the  spinal  column,  as  it  was  in  tight  lacing,  the  bile  within 
the  gall  bladder  was  locked  up,  and  an  absorption  of  the  fluid  part  of 
the  bile  might  conduce  to  the  formation  of  gall  stones.  At  any  rate 
gall  stones  were  ten  times  more  frequent  in  females  than  males. 
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He  also  showed  that  the  greater  half  of  the  common  bile  duct  lay 

between  the  duodenum  and  pancreas. 

He  showed  that  many  of  the  duodenal  diverticula  at  the  opening  of 

the  common  bile  duct  were  due  to  pressure,  appHed  by  corsets  to^the 

liver,  forcing  the  duodenum,  pancreas,  and  kidney  out  from  beneath  the 

liver.     The  duct,  being  inelastic  and  stout,  could  not  be  stretched ; 

the  mucous  membrane  and  bowel  wall  being  the  weaker,  gave  way- 
He  regarded  ptosis  of  the  liver,  Eiedel's  lobe  of  the  live'r,  gall  stone, 

floating   kidney,    and   duodenal  diverticula  as  correlated' conditions 

found  in  '  corset  disease.' 

(9)  Dr  W.  H.  Gaskell,  F.R.S.,  read  a  paper  on  the  Origin  of  the 
Vertebrate  Ear  and  Auditor//  Pair  of  Nerves.  This  paper  will  be 
published  in  full  at  a  future  date. 

_  Dr  Gaskell  pointed  out  that  he  had  already  laid  before  the  Society 
his  views  as  to  the  meaning  of  all  the  cranial  nerves,  with  the  excep- 
tion of  the  auditory.  The  position  of  this  latter  nerve  was  not  so  clear 
as  that  of  the  rest  of  the  cranial  nerves.  The  auditory  organ  marked 
a  line  of  separation  between  the  pro-otic  and  opisthotic  group  of 
cranial  nerves,  i.e.,  between  the  prosomatic  and  mesosomatfc  group, 
according  to  his  theory.  Somewhere  in  this  region,  then,  a  special 
sense  organ  must  have  existed  in  the  ancestors  of  the  vertebrate 
which  belonged  to  an  appendage,  was  innervated  by  a  portion  of  the 
appendage  nerve,  and  possessed  a  peripheral  ganglion.  The  author, 
therefore,  made  search  in  this  region  in  Limulus  and  the  scorpion  group' 
and  discovered  in  the  former  a  most  elaborate  sense  organ  in  the'shape 
of  the  flabellum,  which  is  connected  with  the  last  prosomatic  locomotor 
appendage,  while  in  the  latter,  as  is  well  known,  a  remarkable  sensory 
organ  has  long  been  known  to  exist,  called  the  pecten.  He  then  pro- 
ceeded to  describe  the  structure  of  the  tiabellum,  and  to  show  how  it 
compared  with  the  poriferous  chordotonal  organs  described  by  Graber 
in  insects — organs  which  are  uniformly  situated  on  the  fore  and  hind 
wings,  and  are  innervated  therefore  by  dorsal  nerves.  These  organs 
in  the  Diptera  attain  so  great  an  importance  that  the  balancers  or 
halteres  which  represent  the  hind  wings  possess  no  powers  of  locomo- 
tion, but  constitute  an  elaborate  sense  organ  which,  as  experiment 
proves,  is  concerned  with  equiUbration,  and  is  generally  supposed  to 
be  auditory  in  function  as  well.  It  is  very  possible,  in  fact  probable, 
that  the  pectens  of  the  scorpion,  as  well  as  the  racket-shaped  organs 
found  on  the  basal  joints  of  the  last  pair  of  prosomatic  appendages 
in  Galeodes,  belong  to  the  system  of  lyriform  organs  which  appear°in 
Arachnids  to  take  the  place  of  the  chordotonal  organs  in  insects,  and  are 
supposed  to  have  the  same  function  of  audition.  According  to  Kish- 
inouye,  a  series  of  organs  similar  to  the  flabellum  are  seen  in  the 
embryo  Limulus  on  all  the  prosomatic  appendages.  Of  these  the 
flabellum  alone  develops  xip  to  the  adult  condition.  On  the  meso- 
somatic  appendages  are  found  also  striking  sense  organs,  with  a  very 
fine  central  chitinous  pore  which,  as  their  structure  suggests,  may  be 
pressure  organs  for  estimating  depth  of  water,  so  that  it'  is  quite 
probable  that  the  flabellum  of  Limulus  may  be  a  specially  developed 
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sense  organ,  belonging  to  a  series  of  sense  organs  which  were  originally 
found  on  all  the  prosomatic  and  mesosomatic  appendages,  and  were 
functionally  connected  together  as  organs  of  co-ordination  and 
equilibration  ;  a  series  of  sense  organs  which  would,  therefore,  compare 
with  Eisig's  lateral  organs  in  the  Capitellidse,  and  thus  give  the  reason 
why  niorphologists  consider  the  auditory  organ  to  be  a  specially 
modified  branchial  sense  organ. 

The  author  further  pointed  out  that  the  peculiar  tissue  around  the 
brain  of  Ammocoetes,  which  he  has  homologised  with  the  cephalic 
generative  tissue  around  the  brain  of  Limulus,  passes  in  with  the 
auditory  nerve  into  the  cartilaginous  auditory  capsule.  Here,  and 
here  alone  in  the  whole  body,  is  this  tissue  found,  except  around  the 
brain  and  spinal  cord.  INIost  striking  is  it  to  find  that  a  diverticulum 
of  the  generative  and  liver  masses  passes  into  the  basal  joint  of  the 
last  prosomatic  locomotor  appendage  in  Limulus  along  with  the  nerve 
to  the  flabellum.  Into  this  appendage,  and  this  appendage  alone,  is 
there  any  intrusion  of  this  cephalic  generative  mass  ;  the  coxal  gland 
passes  into  the  basal  joint  of  the  2nd,  3rd,  4th,  and  5th  locomotor 
appendages,  but  not  into  that  of  the  6th.  He  finally  suggested  that 
it  was  easy  to  conceive  an  animal  intermediate  between  Limulus  and 
scorpion,  which  might  combine  the  characteristics  of  the  flabellum  of 
Limulus  with  supra-pectinal  entochondrite  of  the  scorpion,  and  thus 
give  rise  to  the  vertebrate  auditory  organ,  with  its  cartilaginous 
capsule,  into  which  would  enter  both  the  auditory  nerve  itself  and  the 
nerve  to  the  operculum — i.e.,  the  7th  nerve. 
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NOTES  UPON  THE  NATUEAL  SUBDIVISION  OF  THE 
CEEEBEAL  HEMISPHEEE.  By  G.  Elliot  Smith,  M.D., 
Felloio  of  St  John's  College,  Cambridge  ;  Professor  of  Anatomy, 
Cairo, 

It  is  a  peculiar  fact,  significant  not  only  of  the  imperfections 
of  the  current  nomenclature,  but  even  to  a  greater  extent  of 
the  unsatisfactory  state  of  the  present  teaching  in  cerebral 
morphology,  that  there  is  no  term  generally  accepted  or 
acceptable  among  the  multitude  of  names  now  employed  in 
Descriptive  Anatomy  which  can  be  applied  exclusively  and 
without  confusion  to  the  most  characteristic  and  distinctive 
feature  of  the  mammalian  brain  ;  to  that  part,  in  fact,  which 
is  the  dominant  organ  of  the  whole  body,  and  in  the  more 
highly  placed  Eutheria,  constitutes  the  great  bulk  of  the  whole 
nervous  system.  I  refer  to  that  area  of  the  cerebral  cortex,  with 
its  associated  medullary  matter,  which,  in  a  series  of  earlier 
memoirs,^  I  have  wrongly  called  the  "  palHum."  But  it  is  only 
one  of  the  three  histological  formations  which  constitute  the 
true  pallium ;  and,  as  it  is  the  latest  of  these  to  reach  the  height 
of  its  development,  we  may  call  it  the  "  new  pallium,"  or,  if  the 
hybrid  term  be  permissible,  "  neopallium,"  in  contradistinction 
to  the  "  old  pallium  "  of  the  Sauropsida  and  the  earlier  Yerte- 
brata,  which  is  cMefiy  formed  of  the  other  two  pallial  areas. 

If  a  cerebral  hemisphere  of  any  mammal  be  submitted  to 
careful  examination,  it  will  be  found  to  be  composed  of  a 
number  of  distinct  regions,  each  of  which  exhibits  well-defined 
and  unmistakable  histological  features  peculiar  to  itself.     I'hus 

1  See  "  The  Brain  in  the  Edentata,"  Trans.  Linn.  Soc,  2nd  series,— Zoology, — 
vol.  vii.,  1899,  p.  324.  - 

VOL.  XXXV.  (N.S.  vol.  XV.) — JULY  1901.  2   G 


432  PROFESSOR   G.    ELLIOT   SMITH. 

the  hemisphere  readily  lends  itself  to  a  natural  subdivision, 
which,  strange  to  relate,  is  not  adequately  recognised  in  any  one 
of  the  many  accounts  found  in  current  Descriptive  Anatomy. 

These  regions  are  demonstrable  with  much  more  readiness 
in  some  brains  than  in  others,  although  their  arrangement  is 
essentially  the  same  in  all  mammals ;  and  in  no  case  can  they 

Neopallium. 
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Tuberculum  olfactorium. 

Fig.  1. — Diagram  representing  the  lateral  aspect  of  tlie  left  cerebral  hemispheie 

of  the  typical  brain. 

be  shown  more  clearly  than  in  the  Hedgehog  (Urinaceus),  whicli 
we  may  take  as  a  type  for  the  whole  Mammalia. 

In  such  a  hemisphere  the  following  distinct  histological  for- 
mations may  be  readily  recognised,  in  addition  to  the  epithelial 
structures : — 

(1)1  The  olfactory  bulb. 

(2)  The  olfactory  peduncle. 

(3)  The  olfactory  tubercle  {tuhercidum  olfactorium). 

(4)  The  pyriform  lobe. 

(5)  The  "  paraterminal  body." 

(6)  The  anterior  perforated  space. 

1  These  numbers  are  employed  in  the  various  diagrams  to  indicate  the  respec- 
tive regions. 
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<7)  The  hippocampal  formation,  sharply  differentiated  into  (a) 
the  hippocampus  (se^isu  stricto),  and  {h)  the  fascia  dentata. 

(8)  The  corpus  striatum  ;  and 

(9)  The  rest   of   the   hemisphere,  consisting   of  a    dorsal    cap 

which  is  the  "  neopallium." 

(1)  The  olfactory  bulb  calls  for  no  description,  because  no 
one  can  dispute  the  fact  of  its  peculiarly  distinctive  histological 
structure. 

(2)  The  olfactory  peduncle  is  merely  the  prolongation  back- 
ward of  the  innermost  layers  of  the  olfactory  bulb. 

(3)  The  olfactory  tubercle  (figs.  1,  2,  3,  and  4)  is  a  peculiar 
cortex,  which  forms  a  cap  upon  the  ventral  aspect  of  the  head 
of  the  corpus  striatum.  Its  structure  is  well  known  from  the 
descriptions  of  Ganser,  Calleja,  and  others  (see  Kolliker,  Gciuehe- 
lehre,  Bd.  ii.,  1S96,  p.  725). 

(4)  The  pyriform  lobe  is  a  mantle  or  "  pallium  "  of  a  struc- 
ture so  peculiarly  distinctive  that  it  may  be  recognised  in 
sections  of  the  brain  of  any  mammal,  even  when  coloured  by 
ordinary  nuclear  stains.  Its  features  have  been  well  described 
by  Kolliker  {op.  ciL,  1896,  p.  723).  The  e.xact  extent  and  rela- 
tions of  this  "  mantle "  (I  use  this  term  advisedly)  are  not 
generally  recognised.  Its  anterior  portion  is  closely  applied 
and  attached  to  the  lateral  aspect  of  the  corpus  striatum 
(fig.  5),  and  extends  forward  so  as  to  pass  into  direct  continuity 
with  the  olfactory  peduncle,  its  peculiar  structure  undergoing 
a  gradual  transition  into  the  somewhat  indefinite  "  peduncular  " 
formation  ;  its  antero- ventral  part  is  covered  by  the  thick  mass 
of  the  tractus  olfactorius  [lateralis]  (fig.  1,4'),  radiating  fibres  of 
which  are  spread  over  the  whole  of  the  pyriform  lobe.  In  its 
caudal  part  the  pyriform  lobe  becomes  free  from  the  corpus 
striatum,  and  becomes  a  real  "  mantle  "  (fig.  5),  which  extends 
in  the  caudo-mesial  direction  to  become  continuous  with  the 
hippocampus.^ 

^  Waldeyer  (Merkel  and  Bonnet's  Ergebnissc  der  AiiaL  u.  Eiitwick,  Bd.  viii. 
for  1898,  pp.  372  and  380)  objects  to  my  spelling  of  the  word  "  pyriformis,"  on 
the  gronnd  that  a  word  derived  from  the  Latin  " pi I'um"  ought  not  to  be 
spelled  with  the  letter  "  y."  This  undoubted  philological  error,  however,  is  not 
only  shared  by  most  writers  of  all  nationalities,  but  is  so  fixed  by  long  usage  (at 
any  rate  in  England),  in  such  terms  as  "  musculus  ]iyriforniis,"  that  it  would  be 
pedantic  at  this  late  hour  to  attempt  to  rectify  the  spelling. 
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(5)  The  peculiar  histological  formation  which  I  shall  call 
"  paraterminal  body,"  is  a  structure  of  great  morphological 
interest  and  importance,  the  essential  unity  of  the  various  parts 
of  which  has  not  hitherto  been  recognised  by  other  writers.  It  con- 
sists of  a  large  ganglionic  mass  (figs.  3  and  4),  which  is  directly 
continuous  in  front  with  the  olfactory  peduncle  (2).  It  extends 
backward  as  far  as  the  lamina  terminalis,  and  extends  upward 
to  fill  up  the  gap  between  the  corpus  callosum  and  the  hippo- 
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Fig.  2. — Diagram  represeuting  the  ventral  surfaces  of  the  cei-ebral  hemisphei-es 

of  the  typical  brain. 

campal  commissure  (psalterium).  This  part  of  the  body  becomes 
greatly  stretched  in  many  mammals  by  a  large  corpus  callosum, 
and  is  then  known  as  a  folium  of  the  septum  lucidum. 

The  surface  of  this  paraterminal  body  I  have  distinguished  in 
several  earlier  memoirs  as  the  precommissural  area,  and  the 
ganglionic  mass  itself  was  referied  to  at  different  times  as  the 
"  corpus  praecommissurale  "  and  "  corpus  paracommissurale." 
For  these  unwieldy  terms  I  propose  to  substitute  the  name 
"  paraterminal e,"   not   only  because    it   is   less   cumbrous,   but 
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-  because  this  hybrid  term  more  ai3tly  describes  its  relation  to 

the  lamina  terminalis  in  many  of  the  lowlier  vertebrates.     (For 

a  fuller  account  of  this  body,  see  "  The  Pielation  of  the  Fornix 

to  the  Margin  of  the  Cerebral  Cortex,"  this  Journal,  vol.  xxxii.). 

,(6)  The  locus  perforatus  anticus  calls  for  no  special  mention. 

(7)  The  hippocampal  formation  presents  the  well-known 
peculiar  structure  which  is  quite  distinctive.  Under  this 
heading  we  include  not  only  the  hippocampus  {scnstc  stricio), 
but  also  the  fascia  dentata,  the  hippocam'pus  imdus  (Zucker- 
kandl's  "  Balkenwindung  "),  the  supra-  and  pre-callosal  vestiges 
of  the  hippocampus  and  the  fornix  (fimbria)  (figs.  3  and  4). 
Vide  Jotir.  of  Anat.  and  Phys.,  vol.  xxxii.,  op.  cit. 

(8)  The  corpus  striatum  is  a  ganglionic  mass,  which  is 
excluded  from  participation  in  the  surface  of  the  hemisphere 
by  the  tubercuhim  olfactorium  below,  and  by  part  of  the 
pyriform  lobe,  and  part  of  the  neopallium  upon  its  lateral 
aspect. 

(9)  The  region  which  I  have  called  "  neopallium  "  presents 
a  structure  which  is  different  from  that  of  any  of  the  eight  other 
histological  formations  in  the  cerebral  hemisphere.  It  presents, 
in  fact,  those  peculiar  characters,  that  distinctive  gradation  of 
pyramidal  cells,  which  one  generally  associates  with  the  idea 
of  the  typical  cortex  and  its  medulla.  And  although  different 
parts  of  this  neopallium  exhibit  undoubted  specialisations  of 
structure,  especially  in  the  more  highly  organised  mammalian 
brains,  these  differences  in  texture  are  so  slight  in  comparison, 
say,  to  those  which  distinguish  the  pyriform  lobe  or  the  hippo- 
campus from  the  neopallium,  that  they  may  be  neglected  in  a 
primary  subdivision  of  the  hemisphere  into  its  fundamental 
parts. 

More  than  forty  years  ago  Eeichert  came  to  the  conclusion 
(in  a  work  ^  dealing  more  especially  with  the  development  of 
the  human  brain)  that  it  would  facilitate  the  accurate  descrip- 
tion of  the  cerebral  hemisphere  if  the  thin  upper  j)art  of  the 
walls  of  the  embryonic  cerebral  vesicle,  which  he  termed 
"  pallium ''  (mantle),  were  distinguished  from  the  thicker  basal 
mass  which  he  called  the  "  Stammlappen"  The  latter  expres- 
sion was  so  employed  as  to  include  the  locus  perforatus  anticus, 
^  Der  Ban  d.  mcnsch.  Gehirns,  Berlin,  1859. 
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the  corpus  striatum  (together  with  the  nucleus  amygdalai)  and 
the  floor  of  the  fossa  Sylvii,  i.e.,  the  insula  Eeilii.  It  did  not 
include  what  Eeichert  calls  the  "  tractus  olfactorius "  (the 
bulbus  and  pedunculus  olfactorius),  although  he  recognised  that 
this  is  attached  to  the  "  Stammlappen." 

It  will  be  observed  that  the  term  "pallium"  was  thus 
originally  employed  to  designate  that  cortical  area  (with  its 
associated  medullary  layer)  which  is  free  from  (i.e.,  is  not 
adherent  to  the  surface  of)  the  corpus  striatum.     As  such  the 


Neopallium. 


^    Pyriform 
lobe. 


Olfactory  bull 


Hippoeampal  formation. 


Tuberculum  olfactorium. 

Fio.  3. — Diagram  representing  tbe  mesial  aspect  of  the  right  cerebral 
hemisphere  of  the  typical  brain. 

name  is  of  little  morphological  value,  for  while  it  groups 
together  the  greater  part  of  the  neopallium  with  the  whole  of  the 
hippocampus  and  a  small  part  of  the  pyriform  lobe,  it  excludes 
a  small  area  of  the  neopallium  (the  insula  Eeilii  of  Human 
Anatomy)  and  the  greater  part  of  the  pyriform  lobe  from  the 
"  mantle,''  and  includes  them  with  the  corpus  striatum  in  the 
"  Stammlappen."  If  any  part  of  the  pyriform  lobe  constitutes 
a  part  of  the  "  pallium,"  there  can  be  no  valid  reason  {i.e.,  if 
the  proposed  subdivision  is  to  be  natural  and  based  upon  sound 
morphological  grounds)  for  excluding  the  rest  of  the  same 
histological  formation,  simply  because  it  does  not  happen  to  be 
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in  contact  with  (or  fused  to)  the  surface  of  the  corpus  striatum ; 
nor,  for  similar  reasons,  should  the  "  island  of  Eeil  "  be  separated 
from  the  rest  of  the  neopallium. 

In  spite  of  these  obvious  defects,  Eeichert's  terminology 
became  almost  universally  adopted ;  and  the  name  "  pallium  " 
was,  without  any  more  precise  definition,  very  generally  applied 
to  the  thinner  portions  of  the  walls  of  the  cerebral  hemispheres 
in  all  Vertebrates.  Even  at  the  present  day  the  term  "mantle  " 
may  be  used  to  designate  the  epithelial  roof  of  the  hemisphere 
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— ♦Lamina  terminalis. 
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Fig.  4. — Diagram  representing  a  part  of  figure  3  on  an  enlarged  scale. 


of  a  Teleostean,  or  the  thinner  parts  of  the  hemisphere  in 
Keptiles,  without  any  attempt  to  determine  whether  or  not 
this  thin  portion  is  in  any  way  comparable  to  a  cortical  forma- 
tion, or,  granting  that  it  is  so,  that  it  may  not  be  partly  repre- 
sented in  the  mammalian  brain  by  those  cortical  areas  which 
are  placed  in  contact  with  the  corpus  striatum,  and  as  such 
belong,  not  to  Eeichert's  "  pallium,"  but  to  the  "  Stammlappen." 
It  is  true,  however,  that  some  writers  have  slightly  modified 
Eeichert's  conception  by  expressing  the  main  idea  of  his  teach- 
ing in  the  more  accurate  language  of  modern  Anatomy  in  such 
a  way  as  to  avoid  the  obvious  inconsistencies  indicated  in  the 
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above  remarks.  Thus  Minot  ^  says,  "  the  mantle  comprises  all 
that  part  of  the  hemispheres  which  enters  into  the  formation 
of  neither  the  olfactory  lobes  {rhinencephalon)  nor  basal  gan- 
glia." This  slight  change  of  expression  gives  to  the  "  pallium  " 
a  significance  very  different  from  that  of  Eeichert,  for  it  includes 
the  whole  cerebral  cortex,  excepting  only  "  the  olfactory  lobes." 
What  Minot  may  mean  by  the  latter  expression  is  not  altogether 
clear;  but,  judging  from  a  footnote  (p.  691),  his  "pallium" 
includes  the  "  lobus  hippocampi  "  (-i.e.,  the  caudal  expanded  part 
of  the  pyriform  lobe). 

In  1890  Sir  William  Turner  ^  gave  a  more  precise  definition 
of  the  term  "  pallium " ;  for  he  divided  the  superficial  parts 
{i.e.,  all  except  the  corpus  striatum)  of  the  hemisphere  into 
"  pallium  "  and  "  rhinencephalon."  Such  a  subdivision  brought 
into  contradistinction  these  two  terms  which  had  previously 
been  employed  for  many  years  without  any  idea  of  the  one 
being  complementary  to  the  other. 

The  term  "  rhinencephale "  was  originally  applied  by  St 
Hilaire  to  a  type  of  imiocular  monsters  without  any  direct 
reference  to  a  region  of  the  brain ;  Eobin  also  used  it  in  the 
same  sense.  But  Kichard  Owen  subsequently  introduced  the 
term  "  rhinencephalon,"  apparently  independently  of  St  Hilaire 
and  Robin,  to  distinguish  those  parts  of  the  brain  which  are 
now  known  as  the  olfactory  bulb  and  the  olfactory  peduncle. 
By  employing  the  same  term  as  complementary  to  his  "  pallium," 
Turner  (1890)  extended  its  meaning  to  include  the  regions 
which  in  these  notes  are  called  tuberculum  olfactorium,  locus 
perforatus  anticus,  and  pyriform  lobe. 

i:  Now  the  term  "  lobus  olfactorius"  (or  some  equivalent  ex- 
pression, the  word  "  rhinencephalon "  being  sometimes  used) 
had  long  been  employed  by  writers  upon  cerebral  anatomy  with 
a  variety  of  different  meanings.  After  Turner's  memoir  of 
1890,  the  old  term  "  rhinencephalon  "  attained  a  much  greater 
vogue  than  it  had  previously  enjoyed,  and  many  anatomists, 
especially  in  Germany  and  America,  adopted  this  expression  and 
used  it  in  the  same  sense  in  which  they  had  been  using  the  term 
"  lobus  olfactorius."     It  is  unnecessary  to  cite  instances  of  this, 


2    'I 


Human  Emhryolofjy,  1890,  p.  694. 
Cohvoliitiona  of  the  Brain,"  ./owr.  of  J  Hat.  and  Phys.,  vol.  xxv. 
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because  the  example  (that  of  His)  which  has  gained  the  widest 
currency  is  discussed  below.  Others  again  (and  especially  those 
who  employ  the  Frencli  language)  began  to  employ  the  term 
-"  rhinencephalon  "  as  a  synonym  for  the  "  lobus  limbicus  "  of 
Broca. 

As  the  result  of  all  this  diversity  of  application  of  the  term 
which  is  now  found  in  anatomical  literature,  the  greatest  con- 
fusion reigns ;  and  as  the  name  in  question  is  most  generally 
-employed  as  the  complement  of  the  "  pallium,"  the  latter  also 
loses  an  exact  significance. 

If  the  curious  reader  will  take  the  trouble  to  examine  the 
most  recent  literature  of  this  subject,  he  will  find  each  of 
these  terms  being  employed  at  the  present  time  in  half  a 
dozen  different  senses,  and  it  is  by  no  means  rare  to  find  two 
and  sometimes  three  meanings  attached  to  each  of  these  ex- 
pressions in  one  work.  It  would  serve  no  useful  purpose  to 
enumerate  and  discuss  all  these  vagaries  of  interpretation  of  the 
terminology  in  question.  But  there  are  three  important  appli- 
cations of  the  terms,  which  it  is  necessary  (simply  because 
they  are  so  widely  prevalent)  to  consider  and  seek  wherein  they 
fail  as  natural  subdivisions  of  the  hemisphere. 

The  first  is  naturally  that  of  Sir  William  Turner,  who  first 
placed  the  two  expressions  in  juxtaposition ;  secondly,  there 
is  the  interpretation  of  His,  who,  as  the  reporter  of  tlie  German 
Nomenclature  Commission,  as  well  as  by  his  own  reputation  as 
a  sound  anatomist,  exerts  a  singularly  wide-spread  influence; 
and  in  the  third  place,  there  is  Broca's  theory  of  a  "  limbic 
lobe,"  which  still  exercises  a  strange  fascination  over  the  minds 
of  many  writers. 

The  consideration  of  these  views  lends  itself  best  to  intelli- 
gent discussion  if  we  examine  the  views  of  His  first.  The  facts 
observed  during  the  development  of  the  human  brain  form  the 
basis  of  the  teaching  of  His  ;  the  data  of  comparative  anatomy 
do  not  enter  into  his  consideration  of  the  limits  of  the  "  rhinen- 
cephalon  "  whatsoever ;  and  hence  it  is  not  surprising  that  the 
fatal  defects  of  his  subdivision  are  most  clearly  demonstrated  by 
the    comparative    method.     His   himself  ^   does   not   apply  his 

^  "  Die  Formentwick.  il.  niensch.  Vorderhirns,"  etc.,  Abhandl.  d.  konigl.  Sachs 
Gesell.  d.  Wissensch. ,  Bd.  xxvi..  Math.  Phys.  Classe  xv.,,.1889,  )».  714. 
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clefiuition  of  a  "  rhineucephalon  "  to  other  mammalian  brains, 
but  many  of  his  followers  have  attempted  to  do  so.^ 

His  includes  in  the  "  Eiechlappen  "  the  "  hulbus,"  "  tractus  " 
(i.e.,pedunciilus)  and  "  to'igonum  olfactorium"  the  '■^  area  imrol- 
fadoria  Broccc,"  the  "  gyi-us  suhcallosus,"  and  the  locus  perforatus 
anticus.  The  last  two  of  these  regions  are  separated,  upon 
supposed  embryological  grounds,-  as  a  lobus  olfadorius  ijostcrior 
from  tlie  rest,  which  constitute  a  lohus  olfadorius  anterior.  If 
we  examine  this  grouping  of  cerebral  areas  in  the  light  of  Com- 


01  factor}'  bulb.  ■ 
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Fig.  5.— Diagram  representing  a  horizontal  section  through  the  two  cerebral 
hemispheres  of  the  typical  brain,  on  a  plane  ventral  to  the  rhinal  iissure. 

parative  Anatomy,  its  value  as  a  natural  division  is  found  to  be 
very  slight.  In  the  first  place,  it  includes  the  gyrus  suhcallosus 
of  Zuckerkandl,  and  excludes  the  septum  lucidura,  both  of 
which  are  parts  of  one  and  the  same  histological  formation,  the 
paraterminal  body,  which  forms  a  natural  and  indivisible  area 

1  A  typical  example  of  such  an  attempt  is  alfordeil  by  a  recent  work  by  Flatau 
and  .Tacobsohn,  to  which  Professor  Wahleyer  has  given  his  countenance. 

2  In   regard    to  this  point,  see  lloclistetter's  masterly  exposure  of  the  nature 
of  so-called  "  transitory  fissures,"  Bibliotheca,  Mcdica,  A.  Heft  2,  1898. 
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of  the  cerebral  surface.  He  also  includes  in  his  "  olfactory  lobe  " 
the  so-called  "  outer  root  of  the  olfactory  nerve."  Now,  if  this 
so-called  "  root  "  in  the  human  brain  be  compared  with  that  of 
a  macrosmatic  mammal,  or  even  with  the  condition  found  in  the 
early  human  embryo,^  it  will  be  found  to  consist  of  the  cephalic 
extremity  of  the  pyriform  lobe  upon  which  the  olfactory  tract  is 
spread  as  its  superficial  medullary  layer.  A  "  lobe "  of  the 
brain  cannot  be  partly  formed  of  a  layer  of  nerve  fibres  without 
also  including  the  cortical  area  of  which  this  layer  forms  an 
integral  constituent.-  Now,  if  the  anterior  part  of  the  pyriform 
lobe  be  included  in  the  "  Eiechlappen,"  there  can  be  no  legiti- 
mate reason  (provided,  of  course,  that  the  lobe  is  to  be  a  natural 
division)  for  excluding  its  posterior  part — the  so-called  "hippo- 
campal  lobule." 

Upon  these  grounds  alone  His's  suggestions  will  not  stand 
the  test  of  comparative  anatomy,  because  they  introduce  purely 
arbitrary  lines  of  demarcation  between  regions  which,  in  a 
natural  classification  of  cerebral  areas,  should  not  be  sepa- 
rated. 

The  German  Anatomical  Nomenclature  Commission  adopted 
the  teaching  of  His  in  this  matter  in  its  entirety,  and  called  his 
"  lobus  olfactorius  "  the  "  rhinencephalon,"  under  the  mistaken 
idea  that  it  represented  the  region  so-called  by  Turner.^ 

As  His  adopts  the  subdivision  of  the  surface-areas  of  the 
hemisphere  into  pallium  and  rhinencephalon,  and  excludes  from 
the  latter  the  septum  lucidum,  the  posterior  part  of  the  pyri- 
form lobe,  and  the  whole  hippocampal  formation,  it,  of  necessity, 
follows  that  these  regions  form  constituent  parts  of  his 
"  pallium."  His  statements  concerning  the  subdivision  of  the 
mesial  surface  of  the  hemisphere  are,  however,  too  vague  to 
indicate  this  peculiar  grouping  of  surface-areas  in  a  specific 
manner;  nor  in  his  list  of  terms  does  he  include  either  Broca's 
"  limbic  lobe  "  nor  Schwalbe's  "  falciform  lobe  "  ;  nor,  again,  does 
he  define  the  mesial  limits  of  the  frontal  and  parietal  lobes  of 

1  See  G,  Retzius,  MriisrheuJiirn,  1896. 

-  Moreover,  His  states  that  liis  "  olfactory  lobe  "  includes  the  pyriform  lobe. 
Vide  iiifrtc. 

^  W,  His,  "Die  Anatomisclie  Nomenclatur,"  Arch./.  Anat.  u,  Phys.,  1895, 
Suppl.  Bd.,  pp.  174-176,  note  especially  the  footnote  v.  on  p.  174,  in  which 
His  says  that  he  is  using  the  terms  in  the  same  sense  as  Turner. 
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the  brain.  So  that  he  thus  spares  himself  the  inconsistency  of 
some  of  his  less  cautious  followers,  who  at  one  and  the  same 
time  adopt  the  views  of  His,  Turner,  and  Broca,  apparently 
without  appreciating  the  fundamental  distinctions  between  the 
three  teachings. 

There  are  much  wider  grounds  for  objection  to  the  subdivision 
suggested  by  His  than  the  comparatively  minor  reasons '  just 
urged ;  but  as  these  major  considerations  apply  equally  to  all 
the  current  opinions,  they  will  be  best  discussed  after  the  views 
of  Turner  and  Broca  have  been  considered. 

-■■'One  of  the  two  minor  inconsistencies  of  His's  subdivision, 
which  were  indicated  in   the  above  remarks,  calls  for  further 

-mention  in  order  to  clinch  the  matter.  I  refer  to  the  separa- 
tion of  the  so-called  "  stria  olfactoria  lateralis  "  (which  is  really 
part  of  the  anterior  extension  of  the  pyriform  lobe)  and  the 
"lobulus  hippocampi"  (which  is  merely  the  caudal  extremity 
of  the  same  histological  formation). 

This  error  is  one  which  the  human  anatomist  is  very  liable  to 
commit  when  his  observations  are  not  checked  by  comparative 
studies,  because  the  cephalic  part  of  the  pyriform  lobe  has 
dwindled  to  such  insignificant  proportions  that  the  name  stria 
oJfadoria,  which  is  thus  applied  to  it,  is  not  altogether  inap- 
propriate. But  in  the  early  human  foetus  and  in  macrosmatic 
mammals,  in  which  the  anterior  part  of  the  pyriform  lol)e  has 
not  undergone  such  an  atrophic  change  (see  fig.  1),  it  requires 
no  ai'gument  to  demonstrate  that  any  definition  which  includes 
the  anterior  part  of  the  pyriform  lobe  in  the  rhinencephalon 
must  be  not  only  arbitrary  but  also  morphologically  unnatural 
if  it  excludes  the  rest  of  the  pyriform  lobe.  Now,  the  natural 
division  between  the  pyriform  lobe  and  the  neopallium  is  the 
rhinal  fissure  (fig.  1).  And  His,  inconsistent  though  it  may 
seem  with  the  above-quoted  statements,^  freely  admits  that  the 
rhinal  fissure  is  the  line  of  demarcation  between  the  "pallium" 
and  the  "  rhinencephalon."  But  he  appears  to  entertain  a  mis- 
conception as  to  the  identity  of  the  rhinal  fissure.     There  can 

1  His  tloes  not  deliberately  excliiJe  tlic  pyiiform  lobe  from  his  rhiuenceplialon, 
in  fact,  he  seems  to  imaLriue  tliat  he  has  iiichuled  it  ;  but  in  his  list  of  parts  of  the 
"  olfactory  lobe  "  he  makes  no  mention  of  tlie  tip  of  the  nneiiiate  convolution 
(the  i)ynfonn  lobe).  In  other  words,  his  "  rhinencephalon  ''  is  nothing  else  than 
the  "  lobus  olfactorius ''  of  the  older  German  writers. 
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be  HO  doubt  that  the  depression  he  refers  to  in  the  embryonic 
human  brain  as  the  ''fissura  rhinica"  of  Turner  (o/>.  cit.,  "die  Anat. 
Nomenclature'  p.  176)  is  not  the  true  rhinal  fissure.  For  Eetzius 
has  clearly  shown  {Das  Menschcnhirn,  1896)  that  the  rhinal 
fissure  in  the  early  human  fcetus  is  exactly  analogous  to  that 
of  other  mammals,  and  cuts  into  the  temporal  region  [witness 
the  incisura  temporalis  of  the  adult]  instead  of  marking  the 
cephalic  limit  of  the  temporal  pole.  In  other  words,  the  rhinal 
fissure  marks  off  a  part  of  the  temporal  pole  which  belongs 
to  the  pyriform  lobe. 

Sir  William  Turner  approached  the  consideration  of  this 
subject  from  the  comparative  standpoint,  and  therefore  avoided 
the  error  regarding  the  pyriform  lobe  which  His  committed, 
and  still  persists  in  committing,  although  apparently  uncon- 
sciously and  unintentionally.  Turner,  therefore,  includes  in 
his  "  rhinencephalon  "  the  whole,  and  not  merely  the  anterior 
part,  of  the  pyriform  lobe.  It  "  consists,"  to  use  his  own 
words,  "  of  an  olfactory  bulb,  a  crus  or  peduncle,  and  a  lobu.s 
hippocampi  "("  The  Convolutions  of  the  'Evdihi,"  Jour,  of  Anat. 
and  Phys.,  vol.  xxv.,  1890,  p.  107).  He  says  nothing  concerning 
the  gyrus  subcallosus,  Broca's  "  carrefour,"  or  the  septum 
lucidum,  so  that  presumably  these  structures  are  excluded 
from  the  "  rhinencephalon,"  which  means  that  they  form  part 
of  the  "  pallium." 

By  this  not  unnatural  process  of  extending  Owen's  term 
to  include  not  only  the  olfactory  bulb  but  also  its  obvious 
appendage,  so  to  speak,  the  pyriform  lobe,  Turner  has  inci- 
dentally introduced  a  paradoxical  nomenclature.  The  terms 
"  pallium  "  and  "  rhinencephalon "  are  now  used  as  comple- 
mentary expressions,  so  that  the  pyriform  lobe,  being  regarded 
as  rhinencephalic,  cannot  be  "  pallium  " ;  and  yet  the  posterior 
portion  of  this  "  lobe "  fulfils  all  the  conditions  which  had 
hitherto  been  regarded  as  distinctive  of  pallium  or  mantle ; 
in  other  words,  it  is  a  complex  or  cortex  and  medullary  layer 
quite  free  from  the  corpus  striatum  {vide  fig.  5).  In  the  strict 
meaning  of  the  term,  the  poster  ior  part  of  the  pyriform  lobe  is 
"  pallium  "  in  the  sense  of  Reichert. 

The  genesis  of  such  a  conception  of  a  rhinencephalon  may 
be  indirectly  attributed    to    Broca's   suggestion    of   a   "limbic 
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lobe."  Upon  supposed  morphological  grounds  Broca  separated 
the  olfactory  bulb  and  its  peduncle,  the  locus  perforatus 
anticus,  the  uncinate  gyrus,  and  the  callosal  gyrus  as  a  great 
cortical  ring  completely  surrounding  the  hilum  of  the  hemi- 
sphere. He  supposed  these  regions  to  be  still  further  united 
physiologically  as  all  appertaining  to  the  sense  of  smell.  With 
various  modifications  proposed  by  different  anatomists,  the  main 
idea  of  this  "  limbic  "  or  "  falciform  lobe,"  as  Schwalbe  calls 
it,  has  met  with  a  very  wide  acceptance.  As  at  present  most 
usually  interpreted  it  includes  the  gyrus  fornicatus,  the  gyrus 
uncinatus,  hippocampus  and  septum  lucidurn,  in  addition  to  the 
basal  structures  already  enumerated. 

But  to  such  a  subdivision  there  is  an  unsurmountable  objec- 
tion. Even  granting,  for  the  sake  of  argument,  that  the  gyrus 
fornicatus  and  gyrus  uncinatus  were  exclusively  olfactory  in 
function — which  is  very  far  from  the  truth — this  would  not 
justify  VIS  in  separating  this  strip  of  the  neopallium^  from  the 
whole  of  the  rest  of  the  same  histological  formation,  in  defiance 
of  the  most  obvious  morphological  principles. 

Turner  adopted  the  ideas  of  Broca  only  so  far  as  to  include 
in  his  "  rhinencephalon  "  those  parts  of  the  hemisphere  which 
he  regarded  as  indubitable  connections  of  the  olfactory  appa- 
ratus ;  and  to  institute  a  contrast  to  which  Turner  gave  a 
concrete  form  in  the  shape  of  complementary  terms,  between 
the  olfactory  and  the  non-olfactory  parts  of  the  hemisphere. 

The  idea  of  subdividing  the  mesial  surface  of  the  hemisphere 
into  a  series  of  concentric  areas  seems  to  exert  some  strange  fasci- 
nation over  the  minds  of  morphologists  within  recent  years,  thanks 
very  largely  to  the  writings  of  Zuckerkandl.  What  exactly  is 
gained  when  the  mesial  surface  has  been  thus  arbitrarily  split  up 
into  "  Randwindungen  "  is  not  very  evident,  unless  it  be  the  fact 
that  Broca's  ideas  of  a  "  limbic  lobe  "  and  Schmidt's  conception 
of  "  Bogenwindungen  "  both  find  expression  in  this  exercise  of 
the  imagination,  generally  so  futile  and  meaningless. 

The  chief  fallacy  in  Broca's  great  morphological  excursus  I 

1  For  the  vvliole  of  the  gyrus  fornicatus  and  the  greater  part  of  the  gyrus  unci- 
natus of  Human  Anatomy  are  neopallium.  Exclude  this  strip  of  neoi)allium  from 
Schwalbe's  "falciform  lobe,"  and  we  have  the  "  rhinencepJucloa"  or  "  p((rs 
limhica  hemlspJucrii ''  of  these  notes. 
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have  exposed  in  the  above  notes  ;  and  Hochstetter  ^  has  recently 
shown  how  fallacious  must  be  the  conclusions  drawn  from  a 
belief  in  the  genuineness  of  "  Bogenwindungen." 

Arguing  from  the  comparative  standpoint,  I  attempted  in 
1897  to  expose  the  futility  of  such  efforts,^  and  this  criticism 
called  forth  an  instructive  rejoinder,^  to  which  the  reader  is 
referred. 

It  is  now  necessary  to  discuss  the  relationship  which  the 
hippocampal  formation  presents  to  the  main  subdivisions  of  the 
hemisphere.  Both  Turner  and  His  exclude  it  from  the  rhinen- 
cephalon,  and,  ipso  facto,  regard  it  as  part  of  the  pallium. 
Schwalbe  includes  it  in  his  falciform  lobe.  His  includes  part  of 
the  paraterminal  body  (Broca's  area  and  Zuckerkandl's  gyrus 
subcallosus)  in  the  rhinencephalon,  and  excludes  the  rest 
(septum  lucidum),  whereas  Turner  mentions  none  of  these 
bodies,  and  presumably  includes  them  in  his  pallium. 

An  examination  of  the  brain  in  the  Monotremata  and  the 
lower  Vertebrata  shows  that  the  paraterminal  body  is  merely  a 
connecting  link  between  the  olfactory  bulb  and  the  hippocampus. 
This  body  is  intimately  connected  on  the  one  side  with  the 
hippocampus  and  on  the  other  with  the  olfactory  peduncle,  into 
which  it  merges  anteriorly.  A  study  of  the  progressive  evolu- 
tion of  this  region  in  the  lowlier  Vertebrates,  and  especially  the 
Amphibia,  shows  that  the  hippocampus  and  the  paraterminal 
body  are  essentially  specialised  parts  of  one  ganglionic  mass ; 
and  that  the  latter  retains  its  primitive  structure  and  its  original 
relations  to  the  olfactory  peduncle  and  bulb,  and  forms  the 
connecting  link  to  the  progressively-specialised  hippocampus. 
Therefore  any  method  of  subdividing  the  cerebral  hemisphere 
which  ignores  this  interdependence  and  separates  these  two 
histological  formations  must,  ipso  facto,  be  arbitrary  and 
vmnatural. 

Although  these  two  structures  appear  to  become  separated 

1  F.  Hochstetter,  "  Beitnige  zur  Entwick.  d.  Gehirns,"  Bibliotheca  Mcdica, 
Stuttgart,  1898. 

2  "The  Relation  of  the  Fornix  to  the  Margin  of  the  Cerebral  Cortex,"  Joiu\ 
of  Anat.  and  Phi/s.,  vol.  x\xii.  pp.  56-57. 

^  G.  Retzius,  "  Zur  Morphologie  der  Fascia  Dentata  und  Hirer  Uingebungeri," 
Biologisch.  Untersuchungen,  Bd.  viii.,  1898,  No.  3.  Compare  also  "Zur  Aus- 
seren  Morphologie  des  Riechhirns,"  etc.  Op.  cit.,  No.  2,  p.  25,  regarding  the 
terms  ^' pallium"  a.n<\.  ^'rhinencephalon.^' 
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the  one  from  the  other  in  the  Eutheria,  they  are  still  closely 
linked  together,  not  only  by  the  fornix  and  septum  lucidum, 
but  also  by  the  vestiges  of  the  anterior  part  of  the  hippocampal 
arc,  which  remain  as  a  testimony  to  the  intimacy  of  the 
relationship  between  these  two  bodies.  If  physiological  reasons 
had  any  weight  in  this  argument,  the  hippocampus  should, 
beyond  all  question,  be  regarded  as  part  of  the  rhinencephalon 
or  "smell-brain,"  But  the  question  at  issue  is  not  a  problem 
of  function,  but  one  that  must  be  settled  upon  purely  morpho- 
logical grounds.  The  relations  which  a  study  of  the  brain  in 
the  Sauropsida  and  Monotremata  shows  to  exist  between  the 
olfactory  peduncle,  the  corpus  paraterminale,  and  the  hippo- 
campus, establish  a  claim  for  the  two  latter  bodies  at  least  equal 
to  that  of  the  pyriform  lobe  and  tuberculum  olfactorium  in  the 
constitution  of  a  rhinencephalon.  The  point  at  issue  is  this : — 
that  the  term  "  rhinencephalon  "  can  logically  be  applied  only  to 
the  olfactory  bulb  and  its  peduncle  (i.e.,  in  its  original  applica- 
tion by  Owen),  or  it  should  also  include  all  those  specially 
modified  parts  of  the  cerebral  hemisphere  the  fate  of  which  is 
linked  inseparably  with  that  of  the  olfactory  bulb.  If  the  latter 
course  is  followed,  we  must  include  the  whole  pyriform  lobe,  as 
well  as  the  paraterminal  body  and  the  whole  hippocampal 
formation.  For  if  we  exclude  the  latter,  where  can  we  ration- 
ally draw  the  line  between  the  hippocampus  and  the  olfactory 
peduncle  ?  Even  His  and  the  German  Nomenclature  Commis- 
sion include  the  gyrus  subcallosus,  i.e.,  part  of  the  paraterminal 
body.  But  to  be  logical  we  must  also  include  the  rest  of  this 
body,  i.e.,  the  septum  lucidum.  And  we  cannot  draw  the  line  of 
division  between  the  paraterminal  body  and  the  hippocampus, 
between  two  structures  the  fate  of  each  of  which  is  so  intimately 
bound  up  in  that  of  the  other.'^ 

Upon  these  grounds  alone,  even  if  there  were  no  other  reasons,, 
the  hippocampus  has  an  unquestionable  right  to  be  grouped 
along  with  the  paraterminal  body  and  olfactory  apparatus  in  the 
"  smell-brain,"  whether  we  call  such  a  complex  "  rhinencephalon" 
or  not.  But  there  are  more  potent  reasons  than  these  for  such 
a  grouping. 

^  For  f'uitlier  information  concerniiif^  the  intimacy  of  the  connections  of  these 
bodies  see  "  The  Relation  of  the  Fornix,"  etc.,  this  Journal,  vol.  xxxii. 
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Ij'^Upon  histological  grounds  the  hippocampus  and  the  neo- 
pallium ought  not  to  be  regarded  as  one  formation.  But  even 
if  their  structure  were  similar,  the  behaviour  of  the  two  regions, 
as  their  evolution  is  traced  through  the  Vertebrate  series, 
stands  in  such  marked  contrast  that  their  inclusion  under  the 
one  term  "pallium"  (Turner,  His,  and  others)  in  the  higher 
Mammalia  can  hardly  be  regarded  as  a  happy  grouping,  or  one 
conducive  to  accurate  comparison.^ 

The  pyriform  lobe  shares  far  more  in  common  with  the  neo- 
pallium in  structure,  in  its  phylogenetic  history,  in  its  behaviour 
in  relation  to  the  ganglionic  masses  and  the  fibre  systems  of  the 
hemisphere,  than  the  hippocampus  does;  and  yet  one  cannot 
hesitate  to  acknowledge  the  wisdom  of  separating  the  pyriform 
lobe  from  the  neopallium  in  a  primary  subdivision  of  the  hemi- 
sphere.    But  if  the  pyriform  lobe  is  thus  separated  from  the 
"  pallium  "  of  Turner  and  His  (as  Turner  has  separated  it  and  as 
His  believed  he  had  done),  the  hippocampal  formation  should, 
a  fortiori,  be  similarly  e  .eluded ;  for  is  it  not  the  earliest  cortical 
formation  to  be  elaborated ;  a  formation  which  throughout  the 
whole  Vertebrate  series  retains  its  own  peculiar  fibre-system— 
the  fornix — separate  from  the  other  fibre-systems  of  the  hemi 
sphere;  a  cortex,  moreover,  which  attains  the  height  of  its  mor 
phological  importance  in  the  Vertebrata  when  the  neopallium 
is  yet  an  altogether  insignificant  area  ?     Furthermore,  in  the 
Mammalian  series,  in  which  for  the  first  time  the  neopallium 
attains  to  any  noteworthy  functional  significance  or  anatomical 
importance,  the  hippocampus  steadily  declines  in  relative  pro- 
portions as  this  non-hippocampul  pallium  increases.     For  the 
hippocampus  does  not  share  in  the  progressive  greatness  of  the 
mammalian  brain.     What  legitimate  reason,  then,  can  there  be 
for  harnessing  together  as  "  pallium  "   these  two  regions,  the 
behaviour  of  which  contrasts  so  markedly  that  it  might  almost 
with  truth  be  said  that  they  vary  inversely  in  size  and  import- 
ance ?     If  it  be  justifiable  to  separate  the  pyriform  lobe  from  the 
"  pallium,"  how  much  greater  reason  is  there  for  also  excluding 
the  hippocampus  !     If  any  critic  objects  (as  he  has  good  reason 

^  I  have  elsewhere  pointed  out  the  inevitable  confusion  which  results 
from  this  usage  in  Comparative  Anatomy  {this  Journal,  vol.  xxxii.  pp. 
243-246). 

VOL.  XXXV.  (n.S.  vol.  XV.) — JULY  1901.  2   H 
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to  object)  1  to  such  an  abuse  of  the  word  "pallium,"  I  would 
remind  him  that  he  should  with  equal  vigour,  if  he  be  logical, 
oppose  the  exclusion  of  the  pyriform  lobe  (which  is  a  true 
"  mantle,"  vide  fig.  5)  from  the  "  pallium." 

But  the  most  potent  reason  that  can  be  advanced  for  thus 
separating   the  hippocampus  and    the  pyriform  lobe  from  the 
neopallium  is  not  so  much  tlie  constitution  of  a  logically  correct 
"  rhinencephalon  "  (if  we    be  permitted   the  use  of  this  much- 
abused  term  in  such  a  sense),  but  rather  that  such  a  procedure 
gives  due  recognition  and  a  distinguishing  name  to  a  morpho- 
logically well-defined  cortical  area,  which  is  the  most  important 
feature  of  the  whole  brain,  or,  for  that  matter,  of  the  whole  body 
in  the  higher  Eutheria.    Hitherto  the  strange  irony  of  a  confused 
morphology  has  denied  a  name  out  of  the  plethora  of  cerebral 
nomenclature  to  be  the  exclusive  property  of  this  the  dominant 
or^an  of  the  nervous  system,  and  the  master-structure  of  the 
whole   body;    for   it  has    been  linked  with    the  hippocampus, 
which  does  not  share  these  high  attributes,  but  has  long  since 
reached  the  height  of  its  importance,  and  is  now  on  the  wane 
in  those  mammals  in  which  the  neopallium  reaches  its  supreme 
development.   A  distinctive  name — corpus  callosum — is  now  very 
generally  admitted  for  the  commissural  fibres  of  this  neopallium, 
in  contradistinction  to  those  of  the  hippocampus— psalterium. 
Why,  then,  should  not  a  like   distinction  be  conferred  on  the 
cortical  areas  from  which  the  commissures  ultimately  spring  ? 

When  we  come  to  consider   an   appropriate   name   for  this 
culminating  feature  of  the  mammalian  brain,  we  are  faced  by 
many  difficulties.     On  the  one  hand,  anatomists  are  very  chary 
of  accepting  an  entirely  new  term  for  a  well-known  structure ; 
and  on  the  other  hand,  it  is  confusin-  to  use  an  old  term  in  a 
new  sense.    For  there  is  no  term  in  the  whole  range  of  anatom- 
ical literature  which  has  been  applied  to  just  that  part  of  the 
cerebral  hemisphere  which  is  responsible  for  the  greatness  of 
the  mammalian  brain,  and  overshadows  in   its  greatness  and 
usurps  many  of  the  functions  of  all  the  other   regions  of  the 
nervous  system.     In  these  notes  I  have  spoken  of  this  body  as 
the  "  neopallium,"  and  in  a  series  of  memoirs  on  cerebral  mor- 
phology I  have  been  accustomed  since  1804  to  speak  of  it  as 

^  C.  L.  Henick,  Jour.  Comp.  Neurology,  1896,  p.  xvii. 
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the  "  pallium."  I  began  using  the  latter  term  in  this  peculiar 
sense  as  the  result  of  a  misreading  of  Turner's  memoir  of  1890. 
Equipped  with  only  that  superficial  knowledge  of  the  nervous 
system  which  the  average  medical  student  possesses,  I  commenced 
the  study  of  what  is  perhaps  the  most  generalised  and  ideally 
simple  brain — that  of  Ferameles — in  the  whole  Mammalian 
series.  Under  such  circumstances  it  was  only  natural  to  recog- 
nise in  the  area  called  here  the  "  neopallium "  a  region  emi- 
nently worthy  of  separate  and  distinctive  recognition ;  and  I, 
unconsciously,  "  read  into  "  Turner's  memoir  my  own  views  on 
morphology,  which  are  the  same  now  in  regard  to  this  matter 
as  they  were  then.^  So  that  when  he  spoke  of  the  rhinal  and 
hvppocampal  fissures  as  being  the  limits  of  the  "  pallium,"  I 
somewhat  hastily  concluded  that  he  did  7iot  include  the  hippo- 
campus in  his  "  pallium  " — a  view  for  which,  of  course,  there  is 
no  warrant  in  his  memoir.  But  although  I  have  thus  for  more 
than  six  years  been  using  the  term  "  pallium  "  in  a  sense  whicli 
is  different  from  that  of  other  writers,  and  altogether  foreign  to 
the  idea  of  Reichert,  I  must  in  justice  point  out  that  such  a 
usage  implies  an  important  morphological  fact  not  hitherto 
duly  recognised.  At  the  same  time,  I  took  a  liberty  with  the 
term  "  pallium  "  which  is  no  greater  than  that  of  Turner  and 
His  in  their  employment  of  the  same  expression. 

It  must  be  obvious,  from  the  preceding  discussion,  that  the 
terms  "  rhinencephalon  "  and  "  pallium  "  cannot  be  employed  as 
complements  the  one  of  the  other  without  considerable  distor- 
tion of  the  original  meaning  of  one  or  both  of  the  terms. 

The  pallium,  in  the  strict  sense,  is  composed  of  three  distinct 
structural  elements :  a  ventral  part,  or  pyriform  lobe,  the  "  basi- 
2MUi'um,"^  the  marginal  pallium  or  hippocampus,  and  lastly 
that  large  dorsal  cap  the  "  dorsiiJallium "  or  neopallium.  If 
now  we  regard  this  term  "  neopallium  "  as  the  complement  of 
"  rhinencephalon,"  it  will  involve  a  new  definition  of  the  latter, 
which  would  then  include  the  whole  pyriform  lobe,  the  whole 
hippocampal  formation  and  paraterminal  body,  in  addition  to 

^  Proc.  Linn.  Soc.  New  South  Wales,  vol.  ix.  (2nd  ser. ),  part  4,  1894, 
p.  648. 

^  G.  Retzius  ["  Zur  iiusseren  Morphologic  des  Riechhirns,"  Biologisch,  Unter- 
such.,  Bd.  viii.,  No.  2,  1898,  p.  25]  emploj's  this  term  in  an  analogims  Uut 
somewhat  diti'erent  sense. 
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the  olfactory  bulb,  peduncle  and  tubercle,  and  the  locus  per- 
foratus.  Far  from  such  an  employment  of  the  term  proving 
awkward,  it  expresses  the  obvious  relationship  of  both  the 
hippocampus  and  the  pyriform  lobe  to  the  olfactory  apparatus 
in  so  natural  a  manner  as  to  afford  the  last  convincing  link  in 
the  chain  of  evidence  for  this  rational  basis  of  division  into 
neopallium  and  rhinencephalon. 

It  is  a  matter  of  common  knowledge  that  the  olfactory 
peduncle  passes  into  direct  continuity  with,  and  in  addition 
exhibits  further  most  intimate  links  with,  the  paraterminal  body 
and  hippocampus  (mesially),  and  with  the  tuberculum  olfacto- 
rium  and  pyriform  lobe  (laterally).  And  there  is  ample  proof 
that  all  these  parts  of  the  brain  are  pre-eminently,  if  not  wholly, 
olfactory  in  function.  In  anosmatic  animals  {e.g.,  Phocmna)  the 
hippocampus  dwindles,  the  paraterminal  body  almost  com- 
pletely vanishes,  and  the  typical  elements  in  the  tuberculum 
olfactorium  and  pyriform  lobe  practically  disappear.  All  these 
regions  are,  therefore,  eminently  worthy  of  the  name  "  rhin- 
encephalon." 

Ziehen  ^  objects  to  this  term,  because  the  pyriform  lobe  does 
not  wholly  vanish  in  anosmatic  mammals,  and  he  refers  to  the 
superficially  apparent  paradox  of  a  smell-less  animal  possessing  a 
"  smell-brain  "  (rhinencephalon).  One  might  with  more  justice 
object  to  the  term  "  optic  thalamus  "  because  the  greater  part  of 
this  body  persists  in  eyeless  animals,  or  to  the  term  "  trigonum 
acusticum"  because  the  lateral  regions  of  the  floor  of  the  fourth 
ventricle  still  remain  in  deaf  mammals  !  But  the  fact  that 
other  terms  are  not  perfect  is  not  a  sufficient  reason  for  retain- 
ing the  name  "  rhinencephalon  "  if  a  better  can  be  found.  Un- 
fortunately this  name  is  not  new,  and  no  amount  of  w^riting  is 
likely  to  rid  the  Science  of  Anatomy  of  the  term,  even  if  this 
were  desirable.  And  no  one  acquainted  with  recent  literature 
can  pretend  that  the  term  has  any  precise  meaning  at  present. 
Therefore  we  should  endeavour  to  attach  to  it  the  most  natural 
and  useful  meaning. 

So  far  as  I  understand  the  question  at  issue,  there  are  two, 
and  only  two,  alternative    meanings   logically  open  to  us  for 

^  Das  Cenlralnervensiistcm  dcr  Monolrcmen  und  Marsupialier,  1897, 
p.  23. 
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adoption.^     It  may  be  employed  to  designate  the  olfactory  bulb 
and  peduncle  as  Owen  used  it,  and  as  such  is  unnecessary,  and 
therefore  superfluous;  or  it  may  be  used  to  include  all  those 
regions  which  are  pre-eminently  olfactory  in  function,  and  have 
become  deji7iitely  specialised  in  structure  in  consequence.     Such  a 
definition  will  include  the  olfactory  bulb,  its  peduncle,  the  tuber- 
culum  olfactorium  and  locus  perforatus,  the  pyriform  lobe,  the 
paraterminal  body,  and  the  whole  hippocampal  formation.     The 
paradoxical  statement  that  "  if  this  definition   be  adopted,  a 
smell-less  animal  will  possess  a  rhinencephalou,"  is  no  argument 
and  only  a  very  "  partial  truth."     For  though  the  brain  of  an 
anosmatic  Cetacean  apparently  possesses  a  tuberculum  olfacto- 
rium, a  pyriform  lobe,  and  a  small  hippocampus,  histological 
examination  will  show  that  the  two  former  present  little  else 
than  the  areas  corresponding  to  the  tuberculum  olfactorium  and 
pyriform  lobe  from  which  most  of  the  typical  elements  have 
vanished,  and  that  the  hippocampus  is  a  mere  wreck  of  "its 
former  self,"  as  exhibited  in  osmatic  mammals.     Ziehen's  objec- 
tion is  therefore  little  else  than  a  verbal  quibble.     We  might 
evade    the  difficulty  of   using   these   terms   "rhinencephalou" 
and    "neopallium"     by    coining    such    expressions    as    "^;a?'s 
limhica     [hemisjjJuei'ii] "     and    "^jrn'-s    crescens    [hemisjjhoirii]  " 
respectively. 

It  is  a  curious  and  instructive  fact  that  many  writers  who,  in 
name  at  least,  adopt  the  teaching  of  Turner  and  His,  are  driven 
by  force  of  circumstances  to  include  (apparently  unconsciously) 
the  hippocampus  in  their  "  rhinenceplialon."  Several  of  the 
most  prolific  writers  on  Comparative  Neurology  of  recent  years 
fail  to  draw  a  sharp  line  of  distinction  between  the  hippocampus 
(which  they  sometimes  erroneously  call  the  "  hippocampal  con- 
volution ")  and  the  uncinate  [or  hippocampal]  gyrus  (which  they 
often  call  the  "hippocampus"  or  "cornu  ammonis").  Under 
such  circumstances  it  is  not  surprising  that  having  recognised 
the  pyriform  lobe  (which  forms  the  cephalic  extremity  of  the 
human  uncinate  gyrus)  as  part  of  the  "rhinencephalou"  of 
Turner,  they  also  include  the  hippocampal  formation.     In  other 

^  There  does  not  seem  to  me  to  be  any  evidence  to  svibstantiate  the  views  of 
several  writers,  more  especially  in  America,  that  this  term  may  be  given  a  seg- 
mental significance. 
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words,  they  virtually  adopt  a  definition  of  the  "  rhineiicephalou  " 
such  as  I  have  suggested  in  these  notes. 

Others,  again,  reach  the  same  end  without  confusing  the 
hippocampus  and  the  so-called  "  hippocampal  gyrus."  Thus,  in 
a  recent  work,^  the  writers  commence  with  a  tabulation  of  the 
teaching  of  His  and  the  Nomenclature  Commission  (page  1) ; 
they  then  describe  the  brain  of  the  Chimpanzee,  and  exclude 
from  their  rhinencephalon  not  only  the  hippocampus,  but  also 
the  pyriform  lobe  (p.  45).  In  other  words,  they  follow  the 
tabulated  list  of  the  Nomenclature  Commission,  but  appear  to 
forget  that  this  same  Commission  also  stated  (vide  supra)  that 
the  rhinal  fissure  ("Jissnra  rhinica "  of  Turner)  is  the  line  of 
demarcation  between  pallium  and  rhinencephalon.  Toward  the 
end  of  the  work,  however  (p.  550),  the  authors  include  both  the 
pyriform  lobe  and  the  hippocampus  in  the  rhinencephalon  j 


Conclusion. 

In  these  fragmentary  notes  my  principal  object  has  been  not 
so  much  to  seek  for  a  more  logical  interpretation  of  the  term 
"  rhinencephalon"  as  to  call  attention  to  the  exact  limits  of  the 
neopallium.  For  if  we  retain  the  term  "  pallium  "  in  its  present 
sense  as  a  complex  of  neopallium  and  hippocampus,  the  greatest 
confusion  will  be  perpetuated  in  the  language  of  Comparative 
Anatomy.  Thus,  a  writer  on  the  Sauropsidan  l)rain  will  speak 
of  the  "  pallium  "  of  a  lizard  or  bird  when  he  refers  to  what  is 
chiefly  hippocampus ;  and  the  unwary  reader  may  imagine  that 
it  is  the  same  "pallium"  as  that  of  Man,  which,  however,  is 
chiefly  "  neopallium."  ^  But  it  is  high  time  that  some  distinctive 
name  should  be  found  for  that  great  progressive  cortical  field, 
the  high  development  of  which  becomes  in  the  Mammalia  the 
great  fundamental  condition  of  their  survival.  At  every  epoch 
in  the  history  of  the  mammal  this  part  of  the  brain  shows  a 

'  Flatau  and  Jacobsoliii,  Virgl.  Anat.  d.  Centralncrvcnsystems,  1899. 

-  Tliis  confusion  is  nowhere  more  pronounced  than  it  is  in  the  writings  of 
certain  anatomists  wlio  call  the  hii)pocam{)al  commissure  of  Reptiles  and  Birds 
the  "  coniinlnsara  pallii."  Boy ce  and  Warrington  even  call  other  hippocampal 
tracts  "pa/Hal"  [Phil.  Trans.,  1899,  p.  29G). 
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progressive  increase  in  size,  whereas  the  other  superficial  parts 
of  the  hemisphere  become  relatively  or  actually  smaller,  and 
may  even  disappear  almost  entirely  without  any  vital  injury  to 
the  individual  {e.g.,  as  in  the  anosmatic  Cetacea). 

This  neopallium  is  a  great  unlimited  area  (far  removed  from 
the  disturbing  influences  of  the  purely  "  administrative "  parts 
of  the  nervous  system),  where  "  impulses  of  diverse  nature," 
coming  from  all  regions  of  the  body  and  from  all  the  sense 
organs,  "  may  meet  and  play  upon  each  other." 

It  is,  in  fact,  that  sensorimn  comtiutne  for  which  the  ancient 
philosophers  sought  in  vain  for  so  many  ages,  and  which 
Aristotle  called  at  various  times  the  irpoorou  aio-Otjn'ipiov,  as 
well  as  the  tjyeixoviKov  {caput  liumana:  substantia:),  the  Kvpiov, 
the  eiriKp'ivov,  and  the  apx*?'  among  many  other  names.  These 
ancient  writers  recognised  that  there  must  be  somewhere  in  the 
body  some  distinct  organ  where  all  the  sensory  impulses  of  the 
body  might  meet  and  react  one  upon  the  rest,  so  as  to  produce 
that  consciousness  of  the  various  properties  of  one  object  which 
everyone  recognises.  And  many  of  these  writers  recognised 
that  this  organ  must  at  the  same  time  be  the  "storehouse"  of 
impressions,  and  the  dominant  organ  of  the  body,  with  the  power 
to  quicken  or  restrain  the  activities  of  each  and  every  part  of 
the  whole  organism  in  response,  either  directly  or  indirectly,  to 
the  impressions  from  the  outside  world  which  are  constantly 
pouring  into  this  common  sensorium. 

Such  an  organ  is  the  neopallium,  and  these  special  attributes 
it  does  not  equally  share  with  any  other  cortical  formation,  or 
any  other  part  of  the  nervous  system. 

It  is  therefore  a  region  of  the  hemisphere  which  is  in  a  greater 
degree  than  any  other  part  "  tlie  organ  of  the  mind,"  and  as 
such  is  surely  worthy  of  a  distinctive  name  It  might  be  called 
the  '' imrs  crescens"  [}iemisphcerii\  m  reference  to  the  peculiar 
characteristic  of  its  rapid  expansion  in  the  Mammalia ;  and  in 
that  case  we  might  distinguish  the  rest  of  the  hemisphere  (ex- 
clusive of  the  corpus  striatum)  as  the  "  jJars  limhica  "  [hemis- 
'jplia:rii\,  because  its  various  parts  are  grouped  around  the  hilum 
of  the  hemisphere. 

But  instead  of  selecting  a  new  phrase,  such  as  " jwns  crescens" 
I  prefer  to  use  the  term  neopallium,  because  the  basis  of  this 
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hybrid  conveys  some  idea  as  to  the  meaning  of  the  expression. 
No  one  is  more  conscious  than  the  writer  of  the  many  obvious 
defects  of  such  terminology,  which  he  will  be  quite  willing  to 
sacrifice  if  some  one  will  suggest  a  happier  phrase  to  indicate 
that  region  which  is,  in  reality,  the  ultimate  product  of  the 
evolution  of  the  vertebrate  fabric. 


ON  PROFESSOE  PEAESON'S  CONTEIBUTIONS  TO 
OSTEOLOGY.  By  Egbert  Worthington,  B.A.,  Clare 
College,  Cambridge. 

In  a  series  of  papers,  published  by  the  Eoyal  Society,  Professor 
Karl  Pearson  has  lately  presented  ns  with  the  foundations  of  a 
very  comprehensive  mathematical  theory  of  evolution.  The 
first  significant  attempts  at  the  application  of  mathematical 
analysis  to  the  problems  of  evolution  are  those  of  Mr  Galton, 
and  subsequently  of  Professor  Weldon.  Professor  Pearson  has 
attacked  the  problems  suggested  by  these  and  other  investigators, 
armed  with  all  the  weapons  of  precision  in  his  mathematical 
armoury,  and  the  results  are  such  as  our  biologists  cannot  afford 
to  neglect. 

Unfortunately  the  mathematical  knowledge  of  many  biologists 
is  at  the  best  elementary,  and  to  them  Professor  Pearson's 
work  must  necessarily  be  well-nigh  unintelligible.  On  this 
account,  perhaps,  the  value  of  these  contributions  to  the  theory 
of  evohition  is  at  present  hardly  generally  appreciated.  The 
very  juxtaposition  of  the  words  '  mathematics  '  and  'evolution' 
appears  incongruous — the  dead  and  the  living  are  to  sit  together 
at  the  feast :  what  is  this  complex  dish  which  is  to  feed  them 
both  ?  The  idea,  however,  of  obtaining  numerical  expressions 
for '  heredity,'  '  variation,'  and  the  like,  can  seem  no  more  strange 
to  us  than  that  of  the  mathematical  representation  of  the  distribu- 
tion of  electricity  on  a  lump  of  amber  would  have  appeared  to  our 
forefathers,  well  acquainted  though  they  were  with  the  phenom- 
enon itself.  Yet,  without  such  means  of  exact  argument,  our 
knowledge  of  the  '  properties  of  matter '  would  probably  be 
much  where  it  was  a  hundred  years  ago.  The  application  of 
the  mathematical  form  of  argument  to  the  '  properties  of  living 
matter '  appears  indeed  to  be  the  sign  of  a  true  advance. 
Mathematics  is  the  science  of  quantity — and  if  quantity  is 
a  property  of  living  phenomena,  to  their  discussion,  sooner  or 
later,  mathematics  will  have  to  be  applied.     But,  as  Professor 
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Pearson  recently  remarked  in  a  letter  to  Nature^  "  because  in 
biological  investigation  an  exact  A  cannot  be  associated  with 
an  exact  B,  and  an  exact  C  observed  (as  we  can  do  in  physics), 
biology  requires  a  much  more  refined  logic,  much  more  subtle 
mathematics  than  the  simplest  branches,  at  any  rate,  of  physical 
inquiry  do.  There  is  nothing  more  full  of  pitfalls  than 
'  ordinary  reasoning '  applied  to  problems  of  association.  The 
biologist  observes  that  some  A  is  associated  with  B,  and  that 
some  C  is  associated  with  B.  But  if  he  wishes  to  discover 
whether  the  relation  between  A  and  C  is  causal,  he  will  need 
all  the  refinements  of  symbolic  logic,  a  mathematical  analysis, 
which  is  analogous  to  the  geometry  of  hyperspace,  before  he  can 
come  to  a  definite  logical  couclusion  on  the  possible  relationship 
of  A  and  C.  He  may  observe  as  much  as  he  will,  but  he  will 
not  find  out  whether  the  association  is  confirmable  or  non- 
confirmable  without  this  higher  logic." 

The  object  of  the  present  paper  (the  outcome  of  some  stray  notes 
put  together  for  a  friend)  is  to  give  some  account  of  that  portion  of 
Professor  Pearson's  work  which  bears  on  osteology  as  a  branch  of 
physical  anthropology,  in  such  a  manner  as  shall  be  intelligible  to 
'  non-mathematical '  readers.  In  any  attempt  of  this  kind,  it 
would,  I  think,  be  impossible  to  describe  more  than  the  general 
principles  of  the  mathematical  argument.  I  shall  hope,  how- 
ever, to  make  the  lines  of  the  argument  sufficiently  intelligible 
to  enable  the  reader  to  understand  what  the  results  really  are  ; 
and  possibly  to  induce  him  to  turn  again  to  such  papers  as 
"  Eegression,  Heredity,  and  Panmixia,"  or  "  On  the  Eeconstruc- 
tion  of  the  Stature  of  Prehistoric  Paces,"  where  the  mathematics 
had  hitherto  proved  a  stumbling-block. 

The  chief  work  published  by  Professor  Pearson  and  his  col- 
laborators, which  has  to  do  with  bones,  is,  so  far  as  I  am  aware, 
to  be  found  in  the  following  memoirs : — 

Mathematical  Contributions  to  theTheory  of  Evolution.  "  II. 
Skew  Variation  in  Homogeneous  Material."  By  Karl  Pearson. 
Phil.  Trans.,  vol.  186  A. 

Do.  do.  "  III.  Eegression,  Heredity,  and  Panmixia."  By 
Karl  Pearson.     PJiil.  Trans.,  vol.  187  A. 

Do.     do.     "  On   the   Eelative  Variation   and  Correlation  in 

^  Nature,  Jan.  17th.  .     - 
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Civilised  and  Uncivilised  Eaces."  By  Miss  Alice  Lee  and  Karl 
Pearson."     Proc.  i^./S,  vol.  Ixi.  p.  343.  -' 

Do.  do.  "  On  the  Inheritance  of  the  Cephalic  Index."  By 
Miss  Cicely  D.  Fawcett  and  Karl  Pearson.  Froc.  B.  S.,  vol.  Ixii. 
p.  413. 

Do.  do.  "V.  On  the  Reconstruction  of  the  Stature  of 
Prehistoric  Eaces."     By  Karl  Pearson.    Fhil.  Trans.,  vol.  192  A. 

"  Data  for  the  Problem  of  Evolution  in  Man. — I.  A  First 
Study  of  the  Variability  and  Correlation  of  the  Hand,"  By 
Miss  M.  A.  Whitely  and  Karl  Pearson.  Froc.  li.  S.,  vol.  Ixv. 
p.  126. 

It  is  to  be  borne  in  mind  that  the  questions  of  the  correlation, 
variation,  etc.,  of  the  different  specific  organs,  dealt  with  in  the 
above  memoirs,  are  to  be  regarded  as  illustrative  applications  of 
certain  mathematical  methods,  the  development  of  which  is  the 
chief  object  of  the  papers.  And  although  it  is  in  their  applica- 
tions that  these  methods  are  of  interest  to  the  biologist,  yet  the 
paucity  of  data  of  the  right  kind  at  present  available  robs  the 
results  of  much  of  their  value.  These  illustrations,  therefore, 
serve  rather  to  indicate  the  way  in  which  it  is  proposed  to  deal 
with  the  more  numerous  and  accurate  observations  which  are 
now  being  collected. 

We  shall  first  consider  in  outline  the  general  theory  of  the 
mathematical  treatment  of  variation,  correlation,  etc.,  and  then 
briefly  summarise  some  of  the  practical  applications  to  osteo- 
logical  statistics. 

Theoretical. 

Frequency  Folygons. — Let  a  large  number  (say  1000)  of  any 
organ  ^  belonging  to  a  homogeneous  population  be  taken  at 
random  and  measured.  And  let  the  measurements  be  sorted  into 
groups  in  such  a  way  that  those  in  any  particular  group  differ  only 
within  a  small  specified  range.  For  example,  if  the  measure- 
ments be  of  stature,  they  might  be  sorted  into  groups  differing 
by  half  an  inch ;  so  that  the  measurements  lying  between  60 

^  The  word  'organ'  is   used  throughout  in   tlie  Pearsouian   sense    of  ''any 
measurable  characteristic  of  an  organism." 
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and  72  inches  would  be  arranged  in  twenty-five  groups,  and  in 
the  group  labelled  66  inches  the  actual  measurements  would  all 
lie  between  65f  inches  and  66^  inches. 

If  now  such  a  system  of  '  grouped  measurements '  be  plotted 
on  paper,  with  reference  to  two  axes  at  right  angles,  so  that  the 
ordinates  represent  the  number  of  measurements  in  each  group 
and  the  abscissa?  their  typical  measurements ;  then,  on  joining 
the  points  so  obtained,  we  shall  obtain  a  polygon  somewhat  of 
the  form  shown  in  fig.  1. 


Fig.  1. 

This  is  known  as  a  '  frequency  polygon,'  and  defines  graphi- 
cally the  distribution  of  the  organ  in  the  sample  of  the  popula- 
tion measured. 

If  the  number  of  organs  is  large,  so  that  they  can  be  con- 
veniently divided  into  a  consideraljle  number  of  groups,  it  will 
not  be  difficult  to  draw  a  continuous  curve  through  the  angles 
of  the  polygon.  And  if  wc  assume  the  variation  to  he  continuous, 
each  point  on  the  curve  will  indicate  the  frequency  in  the 
population  of  organs  of  a  particular  size.  Now,  it  has  been 
found  that,  in  the  majority  of  cases,  this  curve  approximates 
very  closely  indeed  to  what  has  long  been  known  to  mathema- 
ticians as  the  curve  of  '  Probability  of  Error.'  And  it  is  on  the 
assumption  of  the  identity  of  these  curves  that  exact  statistical 
methods  are  based. 
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_  We  shall  now  proceed  to  describe  briefly  the  nature  of  the 
'  error  curve.' 

The  Probability  Curve. — Consider  any  compound  event  ^  whicli 
is  the  result  of  the  concurrence  of  n  similar  simple  events.  J  Let 
the  chances  of  the  occurrence  or  failure  of  each  primary  event 
be  P/Q,  so  that  P  +  Q  =  l, 

Let  (P  +  Q)'^  be  expanded  by  the  binomial  theorem,  thus 

(P+Qf  =  P«  +  «P«-iQ+!^::l!^)pn---'Q-^+ 


wPQ"-i  +  Q» 

Then,  from  the  principles  of  probability  (see  any  Algebra) 
it  can  be  readily  shown  that  the  first  term  ia  this  expression 
is  the  probability  that  all  will  happen;  the  second  that  n  —  l 
will  happen  and  1  fail;  the  third  that  n  —  2  will  happen 
and  2  fail ;  and  so  on  to  the  last  term,  Q",  which  is  the 
probability  that  all  will  fail. 

Take  for  example  the  case  of  the  throwing  of  coins.  Let 
8  coins  be  tossed  concurrently. 

ThenP  =  Q  =  ^ 

and  ?i  =  8 
and  the  binomial  series  becomes 

K2^2)  -256^256^256^256  +  256 
56       28        8         1 
"^256  +  256  +  256  +  256 
Hence  the  probability 

1 


256 

8 


that  all  are  heads  is 
that  7  are  heads  and  1  tails  is 
that  6  are  heads  and  2  tails  is 


256 
28 


256 
and  so  on. 

^  "  A  compound  event  is  one  produced  by  the  concurrence  of  several  primary 
or  simple  events,  each  being  independent  of  the  other.  For  instance,  throwing 
three  aces  with  three  dice  in  one  trial  is  a  compound  event  produced  by  the  con" 
currence  of  tiiree  simple  events."— Merriman,  Method pf  Least  Squares. 
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To  illustrate  this  erect  ordinates  proportionate  to  the  terms 
in  the   above  series  at  equal  distances  along  an  axis  (fig.  2). 

By  joining  the  extremities  of  these  ordinates  we  obtain 
a  '  frequency  polygon '  for  the  above  series  of  possible  events. 
That  is  to  say,  the  ordinate  of  any  angle  B  of  the  polygon 
is  proportional  to  the  frequency  of  the  corresponding  event 
in  the  total  number  of  trials, — the  particular  event  being 
determined  by  the  distance  of  B  from  the  first  angle  A 
measured  parallel  to  the  axis  OX. 

If  a  continuous  curve  be  drawn  through  the  angles  of  the 
polygon  it  would  have  no  meaning — because  the  variation 
in  the  compound  event  which  it  represents  is  not  continuous. 
Suppose,  however,  that  the  number  of  coins  is  indefinitely  great, 


Fig.  2. 

and  that  the  distance  between  each  ordinate  and  the  next 
is  made  indefinitely  small;  then  the  frequency  polygon  will 
resolve  itself  into  a  continuous  curve — for  continuity  is  the 
limiting  condition  of  a  series  of  steps  when  the  individual  steps 
become  indefinitely  small. 

We  may  now  consider  the  ease  of  'errors  of  observation.' 
An  error  of  observation  (in  the  direct  measurement  of  an 
angle  for  example)  may  be  regarded  as  a  compound  event 
due  to  the  concurrence  of  all  the  small  independent  errors 
arising  from  numerous  accidental  influences — each  of  which  is 
equally  likely  to  be  positive  or  negative.  If  we  take  the 
same  small  quantity,  A^,  to  represent  each  elementary  error, 
this   case   is   perfectly  analogous   to   that   of  the   coins.     The 
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frequency  polygon  of  the  gross  errors  will  be  given  by  the 
binomial  (^  +  ^y\  and  when  ?t,  the  number  of  elementary 
errors,  is  indefinitely  increased,  will  become  a  continuous 
curve.  This  is  the  '  normal  probability  curve,'  or  the  '  curve 
of  frequency  of  error.'     It  is  of  the  type  shown  in  fig.  3. 

Let  QM  be  the  ordinate  about  which  the  curve  is  symmetrical. 
Then  QM  is  the  probability  that  half  the  number  of  elementary 
errors  are  positive  and  half  negative — i.e.,  that  there  is  no  gross 
error.  Or,  in  other  words,  QM  is  the  frequency  of  the  true 
observation.  Now  if  the  ordinates  corresponding  to  the  terms 
of  the  series  (h  +  h)",  where  n  is  indefinitely  large,  be  erected  at 
distances  from  a  parallel  axis,  OY,  proportional  to  the  values  of 
the   corresponding   observations,   then   the    distances   between 


successive  ordinates  will  be  proportional  to  the  elementary 
errors.  So  that  if  PN  be  the  ordinate  through  any  point  P  on 
the  curve,  PN  is  the  frequency  of  a  gross  error  proportional  to 
NM. 

If  PN  divides  the  area  of  the  curve  cut  off  between  OM  and 
QM  in  half,  then  MN  is  called  the  probable  error  of  the  observa-' 
tions.  The  total  area  of  the  curve  is  obviously  proportional  to 
the  number  of  observations.  Hence  the  probable  error  is  sucli 
that  the  number  of  errors  greater  than  it  is  equal  to  the  number 
less  than  it. 

It  will  be  noticed  that  n  being  indefinitely  great,  the  curve  is 
unlimited  in  either  direction,  and  only  meets  the  axis  OX  at 
infinity. 
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Eegarding  now  the  frequency  curve  from  the  biological  point 
of  view,  we  have  simply  a  translation  of  terms.  The  elementary 
errors  whose  concurrence  determine  the  gross  error  become  the 
numerous  contributory  causes  leading  to  variation  from  the  mean. 
The  ordinate  PN  of  any  point  P  on  the  curve  represents  the 
frequency  of  organs  differing  by  NM  from  the  mean.  And  the 
'prohable  error  may  now  be  called  the  2>'>'ohable  deviation. 

Frequency  Constants. — The  frequency  curve  is  determined  by 
the  values  of  certain  constants  which  we  shall  now  proceed  to 
define. 

The  Mean  is  the  abscissa  of  the  '  centre  of  gravity '  of  the  area 
enclosed  by  the  frequency  curve. 

The  Mode  is  the  abscissa  of  the  ordinate  of  maximum  frequency. 
In  the  normal  curve  it  will  be  observed  that  the  mean  and  the 
mode  are  identical.  This  is  not  the  case,  however,  when  the 
frequency  is  asymmetrical. 

The  Standard  Deviation  (o-)  or  '  index  of  variability '  is  a 
constant  determining  the  slope  of  the  curve. 

^sum  of  [(deviation  of  each  group  from  the  mean)"-^ 
X  frequency  of  group] 


a  ■ 


number  of  organs 


Ci" 


'^{x'y) 
N 

where  x,  y,  are  the  co-ordinates  of  any  point  on  the  curve,  and 
N  =  total  number  of  organs, 
=  area  of  curve, 
o- is  a  quantity  of  the  same  order  as  the  'probable  deviation' 
mentioned  above  (prob.  deviation  =  0-6745  cr). 

The  determination  of  the  above  constants  from  a  frequency 
polygon  of  actual  measurements  is  only  an  approximation  to 
their  true  values.  The  closeness  of  the  approximation  to  the 
truth  is  called  the  probable  error  of  the  determination. 

The  probable  errors  of  frequency  constants  are  discussed  by 
Professor  Pearson  and  Mr  L.  N.  G.  Filon  in  "Mathematical 
Contributions  to  the  Theory  of  Evolution,"  No.  IV.,  in  the 
Phil.    Trans.     Ptepeating  our  definition   of   the    Mean   in   the 

abbreviated  form 

^{x.y)  ■    ■ 
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the  probable  error  of  its  determinatiou  is 

±•67449^==' 

The  probable  error  of  the  standard  deviation  is 

±•67449    /^=. 

Asymmetrical  Frequency. — Many  frequency  polygons  occur 
in  biological  statistics  which  are  not  symmetrical  about  the 
maximum  ordinate.  These  consequently  cannot  be  'fitted' 
with  a  normal  frequency  curve.  The  asymmetry,  or  skewness, 
may  be  due  to  one  of  two  sets  of  causes. 

(«)  The  material  dealt  with  may  be  heterogeneous,  and 
consist  of  a  mixture  of  two  or  more  homogeneous 
materials. 

{h)  The  material  may  be  homogeneous,  but  tend  to  deviate 
more  to  one  side  of  the  mean  than  to  the  other. 

These  two  sets  of  conditions  have  been  dealt  with  by 
Professor  Pearson  in  two  memoirs  in  the  Phil.  Trans.,  viz., 
"  Contributions  to  the  Mathematical  Theory  of  Evolution " 
{Phil.  Trcms.,  vol.  185),  and  "  Contributions  to  the  Mathematical 
Theory  of  Evolution — II.  Skew  Variation  in  Homogeneous 
Material "  (Phil.  Trans.,  vol.  186). 

In  the  first  paper  the  dissection  of  an  abnormal  frequency 
curve  into  n  normal  curves  is  discussed.  The  problem  is  solved 
for  the  case  where  n  =  2.  The  analytical  difficulties  for  higher 
values  of  n  are  such  as  would  render  a  more  general  treatment 
impracticable.  Fortunately,  as  Professor  Pearson  points  out, 
the  resolution  into  two  is  of  special  importance.  "  A  family," 
he  says,  "  probably  breaks  up  first  into  two  species,  rather  than 
three  or  more,  owing  to  the  pressure  at  any  given  time  of  some 
particular  form  of  natural  selection ;  in  attempting  to  procure 
an  absolutely  homogeneous  material,  we  are  less  likely  to  have 
got  a  mixture  of  three  or  more  heterogeneous  groups  than  of 
two  only.  Lastly,  even  where  the  heterogeneity  is  threefold  or 
more,  the  dissection  into  two  is  likely  to  give  us,  at  any  rate, 
an  approximation  to  the  two  chief  groups."  The  method  is, 
moreover,  of  great  value  from  the  purely  qualitative  point  of 

vol.  XXXV.  (N.S.  vol.  XV.) — JULY  1901.  2    I 
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view,  as  affording  a  means  of  directly  testing  the  homogeneity 
of  any  material  yielding  a  skew  frequency  curve. 

In  a  note  at  the  end  of  the  memoir,  the  author  mentions  that 
he  has  been  able  to  split  up  the  frequency  curve  for  the 
cephalic  index  in  the  '  Eow-Graves '  skulls  into  two  components, 
one  of  which  is  practically  identical  with  the  curve  for  the 
skulls  of  modern  South-Germans ;  thus  sliowing  that  the 
theory  that  an  evolution  has  taken  place  in  this  index  of  the 
skull  of  South-Germans  since  primitive  times  is  baseless. 

In  the  memoir  on  '  Skew  Variation  in  a  Homogeneous 
Medium,'  a  generalised  curve  is  obtained  which  expresses  all 
known  groups  of  homogeneous  statistics.  To  quote  from  the 
abstract  in  the  Proceedings : — 

"  In  the  deduction  of  the  normal  curve  of  frequency  from  the 
symmetrical  point  binomial,  three  conditions  are  usually 
assumed  to  be  true  : — 

{a)  The  chances  of  any  '  contributory  cause '  giving  its  unit 
of  deviation  in  excess  or  in  defect  are  presumed  to 
be  equal. 

(&)  The  number  of  '  contributory  causes '  are  supposed  to  be 
indefinitely  great. 

(c)  The  'contributory  causes'  are  all  supposed  to  be  inde- 
pendent. 

(c)  amounts  to  the  assumption  of  the  binomial  form  {p  +  qy\ 
(a)  to  the  equality  of  p  and  q,  (&)  to  the  indefinitely  great  value 
of  n." 

If  all  three  of  these  conditions  hold,  the  curve  is  given  by 

If  {a)  is  removed  we  require  a  more  generalised  form  (p  +  qY, 
which  is  skew. 

If  (c)  is  removed  the  series  required  is  known  as  a 'hyper- 
geometrical  series.'  This  bears  the  same  relation  to  the 
generalised  frequency  curve  as  (i  +  i)"  to  the  normal  curve. 

Frequency  curves  are  divided  in  this  paper  into  five  distinct 
types,  depending  on  their  symmetry  or  skewness  and  their  range 
(limited  or  unlimited  in  one  or  l)Oth  directions).  Type  IV.  is  of 
special  interest  to  us  here.  Professor  Pearson  says,  "  But  so 
far   as   I   have   gone,  in   both   anthropometric  and   biological 
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statistics,  whether  relative  or  absolute  measurements  of  organs, 
the  frequency  curves  all  deviate  from  the  normal  curve — how- 
ever slight  the  deviation — in  the  direction  of  Type  IV." 

Now  this  curve  corresponds  to  a  hypergeometrical,  and 
not  to  a  binomial  series,  and  consequently  affords  "  evidence 
against  the  usual  hypothesis  that  in  biological  matters  the 
chances  of  deviation  on  either  side  of  the  mean  are  equal, 
and  the  '  contributory  causes '  independent  and  indefinitely 
great  in  number."  As  an  example  of  Type  IV.  the  length- 
breadth  index  of  900  Bavarian  skulls  is  worked  out. 

The  general  form  of  the  curve  of  Type  IV.  is  shown  below 

(fig-  4). 

It  is  skew!  and  unlimited  in  either  direction. 


Fig.  4. 

Variation,  Correlation,  etc. — In  the  next  paper  of  the  series 
in  the  Philosophical  Transactions,  viz,  "  Regression,  Heredity, 
and  Panmixia,"  Professor  Pearson  discusses  the  mathematical 
treatment  of  these  phenomena.  The  memoir  begins,  how- 
ever, with  a  very  useful  series  of  definitions,  namely, 
of  variation,  correlation,  natural  selection,  sexual  selection, 
reproductive  selection,  heredity,  regression,  and  panmixia. 
For  our  present  purposes  we  will  confine  ourselves  to  a  brief 
consideration  of  four  of  the  above. 

(1)  Variation.- — Professor  Pearson  says,  "If  a  curve  be  con- 
structed of  which  the  ordinate  y  is  such  that  ySx  measures 
the  frequency  with  which  an  organ  lying  in  size  between 
X  and  x  +  Sx  occurs  in  a  considerable  population  (500  to 
1000  or  more),  the  constants  which   for  any  particular  organ 
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for  any  particular  animal-  deterniiae  the  form  of  this  curve 
are  termed  the  constants  of  variation,  or  more  briefly,  the 
variation  of  the  given  organ." 

As  we  have  explained  above,  the  constants  used  are  M, 
the  mean,  and  a-,  the  standard  deviation.  In  order,  however, 
to  facilitate  the  comparison  of  variation,  a  coefficient  of 
variation  (V)  is  subsequently  formulated. 

V  =  fjlOO. 

That  is  to  say,  V  is  "  the  percentage  variation  in  the  mean  ; 
the  standard  deviation  being  treated  as  the  total  variation 
in  the  mean." 

(2)  Correlation. — "Two  organs  in  the  same  individual,  or 
in  a  connected  pair  of  individuals,  are  said  to  be  correlated 
when  a  series  of  the  first  organ  of  definite  size  being  selected, 
the  mean  of  the  sizes  of  the  corresponding  second  organs 
is  found    to   be   a  function   of   the  size   of   the  selected  first 


organ 


Consider  two  correlated  organs  A  and  B,  of  which  a  large 
number  of  pairs  are  measured.  The  measures  obtained  are 
sorted  into  groups,  so  that  in  each  group  the  deviation  a:;  of  A 
from  the  mean  of  all  A's  is  constant.  The  mean  deviation 
{y„^)  of  B  from  its  mean  (the  mean  of  all  B's)  is  determined 
for  the  B's  in  each  group,  and  it  is  found  that 

ym=f{x), 

and  similarly  for  constant  values  of  B 

The  function  which  is  a  measure  of  the  degree  to  which 
abnormality  in  A  is  accompanied  by  abnormality  in  B  is 
called  the  coefficient  of  correlation  between  A  and  B  (Galton's 
Function — rah).  Its  values  must  obviously  lie  between  ±1  and  0, 
according  as  there  is  complete  or  no  interdependence  between 
the  organs.  In  the  paper  on  "  Kegression,  Heredity,  and 
Panmixia,"  Professor  Pearson  deals  with  the  general  theory 
of  correlation  for  n  organs  (where  the  frequency  is  normal). 
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and  with  the  theory  for  two  organs  as  a  special  case  of  this. 
He  gives,  as  the  best  vahie  of  the  correlation  coefficient  (r), 
for  11  pairs  of  organs, 

where  x  and  y  are  the  deviations  of  the  two  organs  from  their 
respective  means,  and  S  (xi/)  =  sura  of  the  products  of  corre- 
sponding deviations.  The  probable  error  of  the  coefficient  of 
correlation  is 

•674506      ,  ^~^'' 

(3)  Heredity.  —  Professor  Pearson  defines  '  Heredity '  as 
follows:  "Given  any  organ  in  a  parent,  and  the  same  or  any 
other  organ  in  its  offspring,  the  mathematical  measure  of 
heredity  is  the  correlation  of  these  organs  for  pairs  of  parents 
and  offspring.  ...  If  the  organs  are  not  those  of  parent  and 
offspring,  but  of  any  two  individuals  with  a  given  degree  of 
blood  relationship,  the  correlation  of  the  two  organs  will  still 
be  the  proper  measure  of  the  strength  of  heredity  for  the  given 
degree  of  relationship." 

(4)  Beyression.— The    word    'degression'  was  formerly  only 
used  to  denote  the  relative  degree  of  abnormality  of  parents 
and  offspring.     Professor  Pearson  proceeds  to  give  the  term  a 
more  general  significance,  which  includes  the  former  as  a  special 
case.      He  says:    "Let   A   and    B    be    two   correlated   organs 
(variables  or  measurable  characteristics)  in  the  same  or  different 
individuals,  and  let  the  sub-group  of  organs  B,  corresponding  to 
a  sub-group  of  A,  with  a  definite  value  a,  be  extracted.     Let  the 
first  of  these  sub-groups  be  called  an  array  and  the  second  a 
type.     Then  we  define  the  coefficient  of  regression  of  the  array 
on  the  type  to  be  the  ratio  of  the  mean  deviation  of  the  array 
from  the  mean  B-organ  to  the  deviation  of  the  type  a  from  the 
mean  A-organ."     Or,  to  use  our  former  notation, 

Coefficient  of  regression  =  —• 
*=  X 

Where  the  frequency  is  normal  this  is  constant  for  all  types  of 
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the  organ  A.  But  it  should  be  noticed  that  the  regression  of 
B  on  A  is  not  the  same  as  that  of  A  on  B  : 

I.e.,    —  IS  not  equal  to  — • 

The  coefficient  of  regression  for  two  correlated  organs  is  shown 
to  be 

0-2 

S(a7/) 
where  r  =  — —  • 

Hence,  if  m.^,  m.^,  are  the  means  for  A  and  B — so  that  x  =  A  —  m-^, 
and  2/,„=B— ??i2 — we  can  write  the  'regression  formula'  in  the 
form 

B  —  m.,  =  -— r(  A  —  ??i, ) 


Practical. 

From  the  general  principles  of  the  Mathematical  Theory  we 
now  pass  on  to  note  those  applications  of  the  method  which 
deal  with  measurements  depending  directly  or  indirectly  on  the 
bony  skeleton.  We  have  already  mentioned  two  practical 
applications : 

(1)  The   dissection   of   the   frequency  curve  for  the  '  Eow- 

Graves '  skulls. 

(2)  The  fitting  of  Bavarian  skulls  with  a  curve  of  Type  IV. 

We  will  take  the  others  in  order  of  publication. 

''Regression,  Heredity,  and  Panmioda." — (1)  In  order  to 
investigate  the  nature  of  direct  and  cross  inheritance,  assortative 
mating,  etc.,  statistics  of  stature  are  dealt  with.  The  particular 
measurements  used  are  Mr  Galton's  data  for  about  two  hundred 
families.  The  data  contain  records  of  the  heights  of  two 
generations  of  men  and  women.  The  means,  standard  devia- 
tions, and  their  probable  errors  are  tabulated  for  the  following 
groups: — males,  husbands,  sons,  fathers  in  general,  fathers  of 
sons,  fathers  of  daughters  : — females,  wives,  daughters,  mothers 
in  general,  mothers  of  sons,  mothers  of  daughters.     Coefficients 
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of  correlation  and  regression  for  different  pairs  of  groups,  and 
sexual  ratios  for  M,  a-,  and  V,  are  also  calculated  and  tabulated. 
The  tables  are  explained  and  discussed,  and  the  following  are 
the  chief  conclusions  drawn  : — 

(a)  That  there  is  a  definite  amount  of  assortative  mating  with 
regard  to  height  going  on  in  the  middle  class. 

(b)  That  as  regards  reproductivity,  mediocre  fathers  have  a 
greater  tendency  to  sons,  and  exceptional  fathers  to  daughters. 

(c)  That  there  is  a  prepotency  of  heredity  of  the  father. 

It  must  be  clearly  understood  that  these  deductions  refer  only 
to  the  single  characteristic,  height. 

In  a  subsequent  section  of  this  memoir  collateral  heredity  is 
discussed  from  further  tables  based  on  Mr  Galton's  statistics. 

(d)  Let  X  and  y  be  two  correlated  organs.  Let  m^  and  m^, 
o"!  and  (T.2,  v^  and  v.,,  be  their  means,  standard  deviations,  and  co- 
efficients of  variation  respectively.  If  z  be  any  funtion  of  x  and 
y,  of  which  the  mean  standard  deviation  and  coefficient  of  varia- 
tion are  2,  M,  and  V,  then  it  is  shown  that 

where  r  =  coefficient  of  correlation  between  x  and  y. 

This  relation  is  not  limited  to  any  particular  law  of  frequency. 
By  means  of  it  the  coefficients  of  correlation  between  the  length 
and  breadth  of  the  skull  may  be  calculated.  In  this  case  z  is 
the  '  Cephalic  Index.'  Professor  Pearson  gives  the  results  for 
the  skulls  of  four  local  races,  namely, — 

Professor  Flinders  Petrie's  newly-discovered 

race, 7- =  -2705 

Modern  German  (Bavarian  peasants),  .         .  7"  =  -2849 

Modern  French  (Parisians),  .         .         .         .  r  =  -0474 

„  ,,       (peasants),    ....  r=-1265 

The  numbers  show  that  the  coefficient  of  correlation  is  not  con- 
stant for  all  local  races.  The  fact  is  also  brought  out  that  the 
most  variable  measure,  both  relatively  and  absolutely,  is  the 
breadth  of  the  skull  rather  than  the  length. 

"  On  the  Relative  Variation  and  Correlation  in  Civilised  and 
Uncivilised  Races"  (Miss  Alice  Lee  and  Karl  Pearson). — For  the 


470  MR   EGBERT   WORTHINGTON. 

investigation  of  the  problems  indicated  in  the  title,  the  authors 
have  dealt  with  (1)  the  French  measurements  of  Eollet  from 
the  dissecting-room  at  Lyons,  (2)  the  Aino  bones  recorded  by 
Koganei,  The  French  measurements  comprise  the  lengths  of 
humerus,  radius,  ulna,  femur,  tibia,  and  fibula.  The  sex  is  also 
recorded.  The  Aino  are  not  quite  so  numerous,  but  include,  in 
addition,  measurements  of  the  clavicle,  the  radius  and  tibia  from 
centre  to  centre,  the  length  of  the  head  and  neck  of  the  femur, 
and  the  scapular  index. 

The  standard  deviations,  coefficients  of  variation,  and  coeffi- 
cients of  correlation  are  calculated  according  to  the  formulae 
given  in  the  previous  memoir  on  "  Eegression,  Heredity,  and 
Panmixia."  The  probable  error  is  calculated  in  each  case.  The 
sexual  ratios  and  the  racial  ratios  (French  to  Aino)  for  the 
means,  variations,  and  correlations  are  also  tabulated  for  each 
bone. 

The  chief  facts  which  the  authors  arrive  at  from  a  considera- 
tion of  the  tables  are,  briefly,  as  follows  : — 

(1)  With  regard  to  sexual  ratios  :  man  tends  to  gain  in  size  on 

woman ;  but  woman  tends  to  gain  in  variability  and  in 
correlation  on  man.  This  is  confirmed  by  Mr  Warren's 
Libyan  measurements. 

(2)  With  regard  to  racial  ratios :  both  male  and  female  are 

larger  in  the  civilised  than  in  the  uncivilised  race.  In 
both  male  and  female  variation  has  progressed — except 
in  the  femaje  tibia  and  the  male  ulna — as  we  pass 
from  the  uncivilised  to  the  civilised  condition.  Correla- 
tion has  remained  much  the  same  in  tlie  male,  but  has 
progressed  in  the  female. 

"  On  the  I/iheritance  of  the  Cejihalic  Index "  (Miss  Cicely  D. 
Fawcett  and  Karl  Pearson). — The  material  dealt  with  is  a  series 
of  measurements  on  North  American  Indians  of  mixed  blood. 
The  coefficients  of  heredity  of  the  cephalic  index  are  tabulated 
for  parental  and  fraternal  relationships.  They  are  compared 
with  those  of  stature  for  the  English  middle  classes,  and  with 
the  theoretical  values  according  to  Galton's  law  of  ancestral 
heredity.  The  results  are  found  to  be,  with  slight  modifications, 
confirmatory  of  that  law. 
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The  other  conckisions  are  briefly  that,  for  the  race  in  question, 
(1)  "  Women  are  more  brachycephalic  and  more  variable  than 


men." 


(2)  "  The  younger  generation  is  more  brachycephalic  and  more 

variable  than  its  parentage.''" 

(3)  "  Parents   of   sons   are    significantly   less   variable   than 

parents  of  daughters." 

"  On  the  Reconstruction  of  the  Stature  of  Prehistoric  Races " 
(Karl  Pearson).  —  In  this  memoir  the  theory  of  correlation  is 
applied  to  the  problem  of  the  determination  of  stature  from  a 
knowledge  of  the  long  bones.  The  author  begins  with  the 
theoretical  determination  of  the  most  probable  value  of  an 
organ  B  for  given  values  of  (1)  a  single  organ  A,  (2)  n  organs 
Aj,  Ag,  A3,  ....  A^^.  The  equation  giving  the  most  probable 
value  of  B  in  the  first  case  is  the  regression  formula  con- 
necting the  two  organs.     This,  it  will  be  remembered,  is 

15 -'''^6  =  "'''■„.  (A -m„), 

which  relation  may  be  put  into  the  form 

B  =  r^  +  c,  A . 

The  probable  error   of   such   a   determination  is  -67449  o-^  X 
^(1  _  -,.2^^^),    If  ^  be  known  for  /j  individuals,  the  probable  error 
of  the  mean  value  of  B  is 

•67449  ^,  X  Vr^^, 


J 2} 

Thus  we  see  that  the  accuracy  of  the  determination  increases 
with  the  coefficient  of  correlation  and  with  the  number  of  the 
known  organs.  Consequently,  while  the  reconstruction  with 
extreme  accuracy  of  the  unknown  organs  of  individuals  is  not 
possible,  the  exactness  with  which  the  mean  racial  type  may  be 
reconstructed  depends  simply  on  the  number  of  measurements 
of  the  correlated  organ  obtainable. 

The   regression    formula    for   n   organs   leads    to   a   similar 
equation  to  the  above,  viz. — 

B  =  Co  +  Cj  A^  +  r^  A2+   .  .  .    +f»  A„. 
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The  author  then  proceeds  to  establish  the  general  theorem, 
that  the  constants  of  this  equation — viz.,  the  '  partial  regression 
coefficients '  Co,  c,  etc. — are  those  which  alone  yield  the 
minimum  probable  error.  This  theorem  immediately  finds 
an  important  application.  For  it  follows  that  the  custom  of 
taking  the  average  of  the  results  obtained  from  the  several 
regression  formulte  for  a  number  of  organs,  considered  in- 
dividually, is  not  theoretically  so  good  a  method  as  that  of 
considering  the  organs  collectively  and  using  the  'compound' 
regression  formula. 

The  determination  of  the  best  value  to  be  assigned  to  an 
unknown  organ  in  an  individual  when  the  values  of  n  other 
organs  are  known  is  thus  dependent  on  a  knowledge  of  the 
regression  coefficients  for  the  race  to  which  the  individual 
belongs.  To  ascertain  these  may  perhaps  be  impossible, 
especially  in  the  case  of  extinct  races  whose  remains  are  but 
scant.  The  question  therefore  arises  as  to  how  far  the 
regression  formuke  for  one  race  can  be  extended  to  a  second. 
This  point  is  discussed  by  the  author  with  reference  to  the 
changes  in  regression  coefficients  brought  about  by  selection 
of  particular  organs.  We  may  quote  from  his  conclusions  : 
"  thus  we  see  that  the  extension  of  the  stature  regression 
formulae  for  one  local  race — say,  modern  French — to  other 
races — say,  palaeolithic  man  —  must  be  made  with  very 
great  caution.  The  extension  assumes  (i.)  that  stature  itself 
has  not  been  directly  selected,  however  widely  changed  by 
indirect  selection  ;  (ii.)  that  the  formulae  involve  all  the  directly 
selected  organs  closely  correlated  with  stature,  or  that  the 
selection  has  been  principally  one  of  size,  and  not  of  variability 
of,  or  correlation  between,  these  organs.  The  real  test  of  the 
applicability  of  the  formuke  is  whether  or  not  they  give  for 
another  local  race  of  which  we  know  djJ'^'wri  the  stature,  results 
in  agreement  with  themselves  and  with  the  known  stature," 

The  only  data  available  for  the  calculation  of  the  correlation 
between  stature  and  the  long  bones  being  Eollet's  measure- 
ments on  one  hundred  corpses  at  Lyons  (already  used  in  the 
memoir  "  On  the  Eelative  Correlation  of  Civilised  and  Uncivilised 
Eaces  "),  Professor  Pearson  is  confined  to  these  for  the  calcula- 
tion of  reconstruction  formulae.     The  following  cases  of  recon- 
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struction  are  dealt  with : — reconstruction  of  mean  stature  from 
a  knowledge  of  (a)  femur,  (b)  humerus,  (c)  tibia,  ((/)  radius,  (e) 
femur  +  tibia,  (/)  femur  and  tibia,  (g)  humerus  +  radius,  (h) 
humerus  and  radius,  (i)  femur  and  humerus,  (k)  femur,  humerus, 
tibia,  and  radius.  The  probable  errors  are  calculated  for  each 
determination.  A  table  of  observed  and  reconstructed  statures 
for  twenty  (ten  male  and  ten  female)  out  of  Eollet's  hundred 
cases  is  given.  The  most  valuable  formulse  are  found  to  be 
those  for  (/),  (h),  (i),  and  (k). 

The  bones  of  Eollet's  corpses  being  in  the  recent  state,  the 
formulae  have  to  receive  a  correction  before  they  can  be  applied 
to  dry  bones.  The  allowances  which  have  to  be  made  are  (1) 
for  cartilage,  (2)  for  animal  matter.  The  latter.  Professor 
Pearson  has  himself  experimentally  determined,  and  the 
corrected  formulae  for  the  reconstruction  of  livino-  stature 
from  dry  long  bones  are  given. 

Before  applying  the  formulae  to  the  general  reconstruction 
of  stature,  they  are  tested  by  application  to  a  second  widely 
divergent  race.  This  is  possible  in  the  case  of  the  Aino.  For, 
although  Koganei's  records  of  long  bones  include  no  measure- 
ments of  stature,  he  has  however  determined  the  mean  stature 
of  the  race  from  a  fairly  large  series  of  living  individuals.  It 
is  thus  possible  to  compare  the  calculated  and  observed  mean 
statures  of  the  race.  The  results  are  compared  with  those 
which    would    be   given   by    the    formuhe   of   M.    Manouvrier 

(whose   relation   is   of   the    form  'x-  =  c),    and     the    increased 

accuracy  of  the  Pearsonian  method  is  incontrovertibly  demon- 
strated. The  results  for  the  male  Aino,  calculated  from  female 
formula;,  and  vice  versa,  are  also  tabulated.  This  shows  at  once 
(1)  that  sexual  differences  are  much  greater  than  racial 
differences,  (2)  that  it  would  be  futile  to  calculate  the  stature 
of  one  sex  from  formula  for  the  opposite. 

The  second  half  of  the  paper  consists  of  the  application  of 
the  formulae  to  the  reconstruction  of  paleolithic  and  neolithic 
man,  and  to  a  large  number  of  local  races,  and  then  proceeds  to 
a  discussion  of  the  stature  of  giants  and  dwarfs. 

The  above  formula?  give  results  which  are  much  too  small  in 
the  case  of  giants,  and  much  too  large  in  the  case  of  dwarfs. 
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The   graphical   expression   of   the   normal   regression   formula 

B^c^  +  c^A 
is  a  straight  line.     This,  Professor  Pearson  shows,  is  probably  a 
small,  and  sensibly  straight,  part  of  a  curve  expressing  the 
more  extended  regression  formulae  which  would  embrace  giants 
and  dwarfs. 

Unfortunately,  the  data  for  giant  and  dwarf  races  are  at 
present  much  too  scanty  to  admit  of  its  exact  analytical 
determination.  Of  the  general  form  of  the  curve,  the  data 
give  however  some  indication.  The  form  selected  was  fitted 
to  the  giant  data  so  as  to  pass  approximately  through  the  mean 
of  the  plotted  points.^ 

The  curves  determined  were  for  reconstruction  from  the 
femur,  tibia,  humerus,  and  radius.  And  although  constructed 
with  reference  to  statures  at  one  extreme  of  the  scale  only — 
the  giants — yet  the  curves  predict  the  stature  of  dwarfs  to 
within  2-5  centim.  average  error.  The  curves  can  thus  be 
used  for  the  determination  of  stature  anywhere  between  the 
limits  90  and  250  centim.  The  author  applies  them  to  the 
reconstruction  of  Bushmen,  Akkas,  Andamanese,  and  European 
Neolithic  dwarfs. 

The  memoir,  of  which  I  have  here  given  but  the  briefest 
sketch,  concludes  with  a  comparative  table  of  statures  of  divers 
races,  either  determined  by  various  authorities  or  '  recon- 
structed'  by  the  author.  I  would  especially  draw  the  reader's 
attention  to  this  paper  for  the  many  interesting  and  suggestive 
points  raised,  but  chiefly  for  the  way  in  which  it  illustrates  the 
possibilities  of  the  mathematical  method. 

"  A  First  Study  of  the  Variability  and  Correlation  of  the  Hand  " 
(Miss  M.  A.  Whitely  and  Karl  Pearson). — The  material  consists 
of  the  measurements  of  the  length  of  the  first  joint  of  each 
finger  in  both  hands  of  551  women  of  the  educated  classes.  To 
be  more  precise,  the  measurement  includes  the  first  phalanx, 
the  head  of  the  metacarpal  bone,  and  the  covering  fieshy  parts. 
The  grouping  of  the  material  was  done  to  ^  inch.  The 
numerical  results  tabulated  are  the  means,  standard  deviations, 

'  The  points  are  plotted  with  reference  to  a  pair  of  rectangular  axes  so  that 
the  ordinates  are  the  measures  of  the  A-organ  (femur,  tibia,  etc.),  and  the 
abscissae  are  the  corresponding  measures  of  tlie  B-organ  stature. 
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CGefticients  of  variatiou,  coefficients  of  correlation,  and  their 
probable  errors.  The  coefficients  of  correlation  are  calculated 
for  all  pairs  of  fingers  in  the  right  and  left  hands  respectively, 
and  for  the  corresponding  fingers  in  both  hands.  Tables  of 
correlation  between  indices — the  first  little  finger  joint  being 
taken  as  unit — are  also  given. 

The  following  are  the  chief  conclusions  drawn  from  the 
tables : — 

(1)  The  first   finger   joints  are  sensibly  larger  in  the  right 

hand  than  in  the  left. 

(2)  The  first  finger  joint  is  more  variable  in  the  left  hand 

than  in  the  right.  The  relative  order  of  variability 
is  in  each  case  that  of  the  relative  size  of  the  fingers 
— the  little  finger  being  the  most  variable.  Except 
that  in  the  right  hand  the  index  finger  is  less  variable 
than  the  middle  finger. 

(3)  The  hand  is  a  very  highly  correlated  organ,  more  so  than 

the  long  bones,  and  considerably  more  so  than  the 
skull. 

(4)  The  first  finger  joints  are,  on  the  whole,  more  highly 

correlated  in  the  left  hand  than  in  the  right. 

In  conclusion,  the  authors  draw  attention  to  the  importance 
of  determining,  by  means  of  wider  statistics,  whether  it  is 
selection  or  use  which  differentiates  the  two  hands. 

\^Notc. — More  recently  there  has  appeared  {Phil.  Trans.,  vol. 
196  A)  an  extremely  interesting  paper  by  Miss  Alice  Lee  on 
the  correlation  of  the  human  skull.  No  further  mathematical 
principles  are  involved,  however,  than  what  has  already  been 
mentioned  above.  Miss  Lee  deals  with  the  reconstruction  of 
skull  capacity  from  regression  formulae  of  both  individuals  and 
races.  Light  is  also  thrown  on  the  relation  between  skull 
capacity  and  intellectual  power  in  a  discussion  on  the  deter- 
mination of  the  former  in  the  living  subject.  The  paper  is  of 
great  importance  from  the  anthropological  point  of  view.] 
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THE  EFFECT  OF  THYEOIDECTOMY  UPON  NITRO- 
GENOUS METABOLISM.  By  J.  Herbert  Parsons, 
B.S.,  B.Sc,  F.E.C.S.  Eng.,  hdc  Sharjiey  Research  Scholar 
and  Assistant  to  the  Profcsso7^  of  Physiology,  University 
College,  London. 

(From  the  Physiological  Laboratory,  University  College,  London.) 

History. 

The  probability  that  there  are  profound  changes  in  the  meta- 
bolism of  thyroidectomised  animals  is  indicated  by  the  chemical 
changes  in  the  tissues  in  myxoedema,  and  by  the  extreme  emacia- 
tion which  ushers  in  the  fatal  result  in  carnivora. 

Michaelsen  (1)  was  the  first  to  take  up  the  matter  experi- 
mentally. He  found  the  gas  exchange  considerably  higher  after 
total  extirpation  in  starving  cats,  not  only  in  cases  which  undergo 
marked  convulsions,  but  also  in  a  case  which  went  on  to  recovery 
and  showed  few  symptoms.  The  00^  is  especially  increased  ; 
the  moisture,  on  the  contrary,  having  more  the  type  of  simple 
starvation.     The  intake  of  oxygen  shows  a  general  increase,  but 

with  great  oscillations,  and  the  respiratory  quotient  ( — ^j  is 

increased  in  all  cases.  Michaelsen  considers  that  the  chano-e 
is  brought  about  through  the  vaso-motor  system ;  it  is 
therefore  probably  another  example  of  toxic  effects  upon 'the 
medulla. 

Lorrain  Smith  (2)  investigated  the  gas  exchange  very  care- 
fully and  exhaustively  in  cats  and  kittens,  using  Haldane's  very 
accurate  methods.  He  found  little  difference  in  animals  kept  at 
a  constant  temperature.  When  normal  animals  are  exposed  to 
a  cold  atmosphere,  the  production  of  CO,  becomes  increased, 
consistently  with  the  increased  oxidation  necessary  to  retain  the 
body  temperature  normal.      This  increase  of  CO.,  only  occurs 
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after  an  interval,  the  temperature  being  maintained  meanwhile 
by  diminished  loss  from  the  surface  by  vaso-motor  constriction 
of  the  arteries.  It  is  precisely  these  vaso-motor  changes 
which  are  at  fault  in  myxoedema;  and  in  order  to  maintain 
the  normal  temperature,  the  production  of  COg  is  increased 
at  once. 

The  amount  of  urea  excreted  by  patients  with  myxoedema  is 
generally  diminished,  but  as  no  record  has  been  kept  of  the 
nitrogenous  food,  the  observation  is  useless. 

Many  observers  (3)  have  investigated  the  metabolism  during 
thyroid  feeding,  and  have  usually  obtained  a  distinct  increase 
in  the  nitrogenous  output.  Georgiewsky  (4)  found  glycosuria 
and  increase  of  urea,  confirmed  by  Bettmann  (5),  who  considers 
it  'alimentary  glycosuria.'  Eichter  (6)  obtained  a  negative 
result  in  man.  Bleibtreu  and  Wendelstadt  (7),  and  Eoos  (8) 
obtained  a  marked  increase  in  excreted  nitro2;en.  Schondorff 
(9)  obtained  an  increased  excretion  of  nitrogen  during  the  first 
eight  days  in  dogs ;  after  that,  nitrogenous  equilibrium  is 
mamtained,  while  the  body-fat  is  greatly  diminished  in 
amount.  The  NaCl  and  phosphates  were  also  increased. 
There  is  no  after  effect,  so  that  when  the  thyroid  feeding  is 
stopped,  the  nitrogen  output  sinks  at  once  to  normal ;  more- 
over, renewed  feeding  will  now  produce  no  effect  upon  the 
nitrogenous  metabolism,  the  animal  having  become  used 
to  it. 

Ver  Eecke  (10),  working  with  dogs,  cats,  rabbits  and  guinea- 
pigs,  found  that  thyroidectomy  produced  a  diminution  in  the 
amount  of  urine,  which  is  only  temporary  when  the  operation 
is  partial.  Feeding  produces  diuresis.  The  nitrogen  output 
sinks  the  more  gland  is  removed,  but  as  the  remainder 
hypertrophies,  the  output  may  increase  beyond  the  normal. 
The  phosphorus  output  is  increased  in  thyroidectomy  and 
diminished  in  thyroid  feeding.  The  sodium  output  varies 
with  the  diuresis. 

Andersson  and  Bergmann  (1 1),  using  the  Tigerstedt-Sonden 
apparatus  for  men,  confirmed  these  results  both  as  to  thyroid 
feeding  and  the  exhibition  of  iodo-thyrin. 
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Methods, 

Experime7ital  and  Chemical. 

Experimental. — The  experiments  were  performed  upon  fox- 
terrier  bitches,  whose  body-weight  varied  from  4*5  kilos  to 
11  kilos. 

Previously  to  the  operation  the  animals  were  kept  in  the 
laboratory  for  about  a  fortnight,  and  during  this  time  observa- 
tions were  made  upon  the  nitrogenous  intake  and  output  for 
a  continuous  period  of  a  week. 

The  animals  were  amesthetised  with  chloroform,  a  hypo- 
dermic injection  of  ^  to  1  gr.  of  morphia  being  given 
immediately  after  anaesthesia  was  complete,  and  the  adminis- 
tration of  chloroform  was  continued  throughout  the  operation. 

The  operation  consisted  in  the  removal  of  a  variable  amount 
of  the  thyroid  gland.  The  skin  having  been  shaved  and 
cleansed,  a  median  incision  was  made  over  the  trachea  and 
lower  part  of  the  larynx,  and  one  thyroid  lobe  exposed.  This 
was  then  quickly  removed,  the  greatest  care  being  taken  to 
keep  close  to  the  gland,  so  as  not  to  injure  the  recurrent 
laryngeal  and  other  nerves  in  the  neighbourhood.  Usually 
either  the  whole  or  a  variable  amount  of  the  opposite  lobe  was 
removed  either  at  a  subsequent  operation  or  at  the  same 
sitting.  When  a  portion  of  the  gland  was  removed,  it  was 
usually  the  lower  part  of  the  lobe,  so  that  one  parathyroid 
at  least  was  left  intact.  Bleeding  from  the  cut  surface  of  the 
gland  was  easily  controlled  by  pressure  for  a  short  time  with 
aseptic  wool. 

Full  antiseptic  precautions  were  employed.  All  the  wounds 
healed  by  first  intention,  under  a  dressing  of  antiseptic  wool, 
fixed  in  place  by  collodion.  The  animals  were  usually  perfectly 
well  an  hour  or  so  after  the  operation. 

The  portion  of  lobe  removed  was  weighed  and  also  the 
opposite  lobe,  and  thus  a  rough  estimate  of  the  amount  of 
tissue  left  was  determined. 

Chemical. — The  mode  of  procedure  was  exactly  the  same  as 
that  employed  by  Dr  J.  Eose  Bradford  (12)  in  his  experiments 
upon  the  metabolism  after  partial  extirpation  of  kidney. 


EFFECT  OF  THYROIDECTOMY  ON  NITROGENOUS  METABOLISM.       479 

The  animals  during  observation  were  kept  in  chambers  with 
glass  sides  and  an  earthenware  floor  sloping  towards  one 
corner,  where  a  funnel-shaped  aperture  conveyed  the  urine 
to  a  basin  placed  beneath.  Two  chambers  were  used  for  each 
dog,  being  used  on  alternate  days.  After  changing,  the  first 
chamber  was  washed  out,  and  the  washings  kept  for  estima- 
tion of  the  nitrogen  in  them.  The  faeces  were  collected  and 
weighed  daily.  A  measured  quantity  of  water  was  given  each 
day,  so  that  the  amount  drank  was  determined.  Weighed 
quantities  of  dog  biscuit  were  given. 

The  amount  of  nitrogen  present  in  food,  urine  and  ft^ces  was 
determined  by  Kjeldahl's  method.  Urea  was  estimated  by  the 
hypobromite  method,  total  solids  by  evaporation  at  80"  in  a 
platinum  dish.  Total  sulphates  were  estimated  by  precipi- 
tating 50  C.C.  of  urine  with  a  mixture  of  BaCl2  and  Ba  (0H)2 
after  acidifying  with  HCl  _  then  boiling.  "  The  aromatic 
sulphates  were  determined  in  100  c.c.  by  precipitating  with 
barium  mixture,  filtering,  acidifying  with  HCl,  boiling,  and 
then  placing  the  boiled  filtrate  in  a  hot  oven  for  one  or  two 
hours. 

The  blood  for  analysis  was  obtained  by  inserting  a  canula 
in  the  carotid  under  chloroform.  The  urea  and  nitrogen 
estimations  in  the  tissues  were  made  from  extracts  with 
absolute  alcohol  and  with  rectified  spirit. 

Bccord  of  Experiments. 
No.  I. 

Small  bitch.     Wt.,  4-5  kilos. 
Oct.  5. — Put  in  chamber. 
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VOL.  XXXV.  (n.S.  vol.  XV.)— JULY  1901. 


Date. 

Water. 

Urine. 

Urea. 

Sp.  gr. 

Reac. 

Fiieces. 

Biscuit. 

Oct.    5 

n        6 

•  •• 

... 

200 

.,      7 

270 

... 

1-85* 

200 

>)      S 

50 

245 

18-73 

1045 

acid 

200 

..       9 

150 

160 

9-96 

1035 

,,     10 

200 

85 

8-03 

1050 

» J 

190 

1-20 

Average, 

134 

98 

7-71 

1043 

acid 

... 

144 

2   K 
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Oct.  11.— Wt.,  5  kilos. 

Oct.  13. — Eight  lobe  of  thyroid  removed. 

Oct.  20. — Put  in  chamber.     Wt.,  4-75  kilos. 


Date. 

"Water. 

Urine. 

Urea. 

Sp.  gr. 

Reac. 

Feces. 

Biscuit. 

Oct.  20 

... 

200 

*[,.    21 
,.    22 

300 

205 

19-79 

1041 

acid 

... 

...    ] 

260 

85 

8-75 

1048 

no 

200 

>i    23 

400 

100 

9-81 

1043 

,1    24 

100 

11-06 

1045 

130 

200 

,,    25 

200 

so 

10-42 

1060 

)  J 

63 

200 

>>    26 

100 

175 

14'S5 

1043 

85 

200 

,.    27 

340 

115 

10-22 

1060 

•! 

125 

... 

Average, 

228 

123 

10-S5 

1      ''' 

*  The  21st  is  omitted  in  taking  the  average,  as  the  large  amount  of  urea  is 
obviously  due  to  the  meat  before  the  dog  came  under  observation. 


Oct.  2 T.- 
Oct. 27.- 
Oct.  28.- 


-Wt.,  4-35  kilos. 

-Left  lobe  of  thyroid  removed — i.e.,  complete  extirpation. 

-Put  in  box.     Wt.,  4-35  kilos. 


Date. 

Water. 

Urine. 

Urea. 

Sp.  gr. 

Reac. 

Faeces. 

Biscuit. 

Oct.  28 
„    29 
»    30 

50 

170 

230 
120 

7-68 
9-03 

1020 
1042 

neu. 
acid 

? 

200 
-  135 

Average, 

no 

175 

S-36 

... 

32-5 

Oct.  29. — Dog  lies  curled  up  in  box,  taking  no  notice  of  anything. 
There  are  fibrillary  twitchings  all  over,  so  that  she  is  continually  shiver- 
ing.    She  stands  up  on  being  called,  but  only  after  sprawling  about 

first. 
-  Oct  30. — Similar  condition,  but  does  not  stand  up. 

Oct.  31. — Dog  died  during  the  night. 
_  Post-mortem.— Wound  well  healed  ;  few  adhesions.     Organs   all 
healthy  to  naked-eye  examination. 

The  dog's  normal  average  intake  during  observation  was  134  c.o. 
Avater  and  144  grms.  of  biscuit  per  diem.  The  biscuit  contained  4  3 
grms.  of  nitrogen.  Her  output  was  98  c.c.  of  urine,  containing  7 '71  grma. 
of  urea,  equivalent  to  3-6  grms.  nitrogen.  The  excess  of  X.  intake  over 
output  is  accounted  for  by  a  gain  in  weight  of  ^  kilo. 

-After  extirpation  of  the  right  lobe,  these  figures  become — 228  c.c. 
water,  123  grms.  biscuits,  Avith  4-5  grms.  N.  ;  123  c.c.  urine  containing 
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10/85  gm.  urea  (  =  504  gims.  X.).  And  the  excess  of  X.  output  over 
intake  is  accounted  for  by  a  loss  of  weight  of  ^  kilo. 

After  extirpation  of  both  lobes,  only  1  grm.  of  X,  was  taken  in  per 
diem,  and  &"36  grms.  of  urea,  equivalent  to  3"9  grms.  X.,  were  excreted. 

There  was,  therefore,  no  appreciable  difference  in  the  nitrogenous 
metabolism  in  this  dog  after  the  first  operation,  but  considerable 
increase  in  excretion  after  the  second,  which  was  a  complete  thyroid- 
ectomy. 


Xo.  II. 


Young  pup.     Wt.,  7  kilos. 


Date. 

Water. 

Urine. 

Urea. 

Sp.gr. 

Eeac. 

Faces. 

1 
Biscuit. ' 

^■ov.  14 

ijj 

„      15 

3-36 

„     16 

500 

165 

11-65 

ibio 

acid 

190 

200 

1        „     17 

600 

175 

10-81 

1040 

215 

200 

„     ]8 

330 

60 

7-56 

1060 

113 

200 

,.     19 

300 

... 

I'U 

103 

200 

„     20 

350 

100 

8-19 

1051 

acid 

140 

200 

[,..     21 

Urine 

upset. 

] 

;       22 

275 

no 

7-11 

1050 

neo. 

64 

200 

..     23 

37.5 

120 

7-S5 

1045 

acia 

130 

...       1 

Average, 

341 

91 

7-21 

... 

... 

121 

140      j 

In  this  experiment  the  total  X.  was  estimated  by  Kjeldahl  in  the 
urine  and  faeces. 

Xov.  17. — Aromatic  sulphates  :  Total  sulphates  =  0 '07 2  :  0*491. 

[C/.  Xov.  27.           „  „             =0-017: 0-475.] 

Xovember  23. — "Wt.,  6-5  kilos. 

Xov.  24. — Both  lobes  removed.  The  dog  was  eating  a  biscuit  an 
hour  after  the  operation. 


Date. 


Water.  '   Urine 


Urea.       Sp.  gr. 


Reac. 


Biscuit.  ' 


Nov.  24     j 

...         j 

... 

200      . 

„    25 

... 

50 

4-79 

1035 

neu.       ' 

-2S 

„  26|; 

.,    27 

Water 
into 

300 

upset 
urine. 

155 

1  3-53 
11-39 

1040 

\    acid,  ^ 
<  alb., no  [- 
(  sugar  J 
acid.  alb. 

... 

... 

„    28 

60 

120 

6-U 

1034 

29 

1 

„    29 

150 

50 

3 -59 

1060 

acid,  alb. 

-64 

Average, 

102 

75 

5-95 

... 
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November  29.— Wt.,  5-7  kilos. 
/     Nov.  27. — Aromatic  sulphates  :  total  =  0-017  :  0-475. 

Therefore  the  aromatic  sulphates  are  greatly  decreased, 
while  the  total  are  normal,  so  that  normal  sulphates 
<f  are  in  excess. 

I      Nov.  28. — Proteid  in  urine  =  1-428  grm. 
I      Nov.  29. —      „  „        =1-65  grm. 

\  No  indicau  in  urine. 

Nov.  25. — Dog  quite  lively;  appetite  good.     T.  102°  F. 
Nov.  26, 10  A.M. — Weak,  listless  ;  marked  tremors,  especially  behind 
ears,  but  also  of  whole  body.     T.  101° ;  R.  normal. 

2  P.M. — Lying  down  ;  rises  when  called ;  does  not  eat. 
Nov.  27. — Tremors  well  marked.     Great  dyspnoea. 
Nov.  28,  9.30  A.M. — Marked  tremor  of  masseters;  emaciation  quite 
noticeable.     Paresis  of  extensors,  especially  forelegs.     T.  102°*4. 

5  P.M. — Ditto.     T.  102°-4.     Placed  in  a'lwarmer  room. 
Nov.  29,  10.30  A.M. — Tremors  well  marked;  more   obvious   after 
movement.     R.  28;  T.  10l°-4. 

4  P.M. — Convulsions.      T.    103°.      Convulsions  began  in 
movements  like  walking,  running,  etc.,  at  different  rates.     Dog  lay  on 
side  with  opisthotonos.     R.  52,  later  88,  and  just  before  a  convulsion, 
20  in  seven  sec.     Corneal  reflex  active  throughout. 
4.30  P.M. — Dog  chloroformed  to  death. 


Examination  of  Tissues. 

Blood. — Total  solids,  7"25  p.c.     Total  ash,   1-66  p.c.     Urea  = 
0-036  p.c. 

Total  N.  =  0-672  p.c.     No  mucin. 

Muscle.— 'UTea  =  O'lSl  p.c.     Total  N.  =  0*185  p.c.      0'16  p.c. 
kreatin. 

i:iye,-._Urea  =  0-041  p.c.     Total  N.  =0-129  p.c. 

jBram.—  Urea  =  0'067  p.c.     Total  N.  =  0-123  p.c. 

Normal. — Here  the  total  N.  intake  was  4  grm.,  and  output  (in  urine 
and  faeces)  4-28  grm.,  with  a  loss  in  weight  of  ^  kilo. 

After  Comjjlete  Thyroidectomy. — Total  N.  intake  was  0-8  grm.,  and 
output  2-8  grm.,  with  loss  of  weight  0-9  kilo. 


I 
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No.  iir. 

Dec.  5. — Put  in  chamber.     Wt.,  7-6  kilos. 


Date. 

Water. 

Urine. 

Urea. 

Sp.  gr. 

Reac. 

Faeces. 

Biscuit. 

Dec.     5 

225 

... 

... 

... 

200 
200 

„       7 

470 

380 

12-08 

1025 

\  acid, no  ) 
alb. 

72 

200 

„       8 
.,       9 

150 
190 

150 
135 

10-67 
13-63 

1050 
1060 

1) 

53 

43 

••• 
... 

»     10 

170 

85 

6-44 

1055 

67 

200 

.,     11 

320 

180 

15-34 

1055 

78 

„     12 

85 

0 

... 

... 

... 

45 

' 

Average, 

230 

133 

8-31 

... 

... 

[0-8  N.] 

114 

Dec.  12.— Wt.,  7-2  kilos. 

Dec.  13. — Left  lobe  and  lower  half  of  right  removed. 


Date. 

Water. 

Urine. 

Urea. 

Sp.  gr. 

Reac. 

Fajces. 

Biscuit. 

Dec.  13 

200 

.,     14 

125 

■  •• 

•  •• 

„     15 

140 

2-25 

19-68 

1050 

f  aeid,no\ 
\    alb.     I 

... 

,.     16 

200 

^  •  . 

1-48 

47 

200 

,,     17 

140 

90 

7-16 

1055 

95 

»     18 

Escaped 

from 

chamber. 

,,     19 

Put 

back. 

200 

„     20 

>■• 

•  •  » 

... 

„     21 

500 

175 

10-98 

1042 

63 

200 

M     22 

500 

Upset. 

5- 

,,     23 

320 

55 

7-01 

1070 

) } 

80 

200 

„     24 

260 

80 

8-31 

1066 

)) 

47 

Average, 

273 

90 

1 

6-62 

... 

... 

[=0-65^.] 

100 

Dec.  24.— Wt.,  6-3  kilos. 

Jan.  13. — Dog  quite  well,  except  opacity  of   R.  cornea  noticed; 
L.  corneal  opacity  soon  after. 

March  2.— Killed.     ^Vt.,  S'l  kilos. 

(  Blood,  0-024  p.c.  urea. 

(  Muscle,  G'26  p.c.  kreatin. 

In  this  dog  the  normal  N.  intake  =  3-42  grm. ;  N.  output  =  4-7  grm., 
with  loss  of  wt.  =  0-4  kilo. 

After  thyroidectomy,  K  intake  =  3  grm.;  N.  output  =  4 '4  grm., 
with  loss  of  wt.  =  0*9  kilo.  j 
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No.  IT. 
Dec.  6. — Put  in  chamber.     Wt.,  6  kilos. 


1  )ate. 

Water. 

Urine. 

Urea. 

Sp.  gr. 

Keac. 

Fiieces. 

Biscuit. 

Dec.     6 

^    „      7 

„       8 

„       9 
„     10 
...    11 
„     12 

•  •• 

500 

290 
120 
190 
180 

100 

50 
90 
70 
75 

8-79 

4-10 
6*55 
7-69 
7-88 

1056 

1047 
1042 
1058 
1060 

/  acid,no  \ 
t    alb.    J 

neu. 

acid 
>) 

95 

80 
73 
75 

70 

200 
200 

200 

Average, 

213 

64 

5-84 

... 

[l-27gm.N.] 

100 

Dec.  12.— Wt.,  5-5  kilos.  " 

Jan.  4, — Left  lobe  and  lower  half  right  removed.     Wt.,  6-2  kilos. 


Date. 

Water. 

Urine. 

Urea. 

Sp.  gr. 

Reac. 

Ffeces. 

Biscuit. 

Jan.      5 

„       6 

7 
,,       8 

200 

140 

100 

50 

95 
120 

40 
100 

3-45 

5-44 
3-51 
6-83 

1025 
1032 
1045 
1051 

acitl 

13 

200 

Average, 

122 

89 

4-81 

... 

r  •  • 

50 

Jan.  8.— Wt.,  5-3  kilos. 

Jan.  23. — Dog  not  recovering  weight,  but  otherwise  apparently  quite 
well. 

Here,  normal  N.  intake  =  3  grms.,  output  =  3-98  grms.,  and  loss  of 
wt.  =  ^  kilo. 

After  tliyroidedom]),  intake  =  1-5  grm.,  output  =  2'26  grms.,  and 
loss  of  wt.  =  0*9  kilo. 

No.  V. 
Jan.  10. — Put  in  chamber.     Wt.,  11  kilos. 


1 

Date.        Water, 

Urine. 

Urea. 

Sp.  gr. 

Reac. 

Fseces. 

■ 

Biscuit, 

Jan.   10 
„     11 
,.     12 
M     13 
,.     14 
„     15 
,,     16 
»     17 

500 
325 
350 
250 
500 
330 

135 

170 
100 
145 
225 

12-42 

5-94 

17-21 

8-23 
15-07 
16-44 

1057 

'  1055 

1050 
1060 
1043- 

acid 

acid 
neu. 
acid 

ii"2 

215 

130 
350 

200 

200 

200 

200 

300 

200  , 

200 

Average, 

822 

111 

10-77 

[=1-9N.] 

214  ; 
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r'  Jan:  1:7 — Wt.,  lOi  kilos. 

Jan.  19. — E.  lobe  and  about  |  L.  removed. 

Jan.  21. — Tremors;    well  marked   extensor   spasm,    especially  of 
hind  legs.     Put  in  chamber. 


Date. 

Water. 

Urine. 

Urea, 

Sp.  gr. 

Reac. 

Fffices. 

Biscuit. 

Jan.   22 

.     230 

Urine 
bladder, 

205 
in 
100. 

13-30 

4-92 

1033 
1035 

acid 
acid,  alb. 

(-) 

35 

•  ■• 

Jan.  22. — Dog  found  dead. 

Post-mortem. — Blood  extravasated    in  neck,   especially  on  left 
side ;  organs  very  congested. 

/      Here  normal  N.  intake  =  6  grms.,  output  =  6-9  grms.,  with  loss  of 

<  wt.  of  I  kilo. 

(      After  tliyroidedomy,  intake  =  0,  output  =  7-23  grms. 

Not  much  value  can  be  attached  to  this  experiment,  as  only  one 
day  was  available  for  estimation  after  thyroidectomy.  Taken  in  con- 
junction with  the  others,  it  confirms  Edmunds'  estimate  of  the  amount 
of  thyroid  necessary  for  life  in  the  dog— viz.,.  that  three-quarters  of 
the  true  thyroid  tissue  must  be  left  if  the  parathyroids  are  removed, 
or  the  upper  half,  including  one  parathyroid. 

No.  VI. 

Jan.  31. — Put  in  chamber.     Wt.,  4*8  kilos. 

The  average  normal  per  diem  was  from  Feb.  1  to  9  :  Water,  157  cc. ; 
urine,  41  cc. ;  total  N.  intake,  4  grms.  ;  total  jS".  output  =  3*45  grms. 

Feb.  22. — Left  lobe  removed  and  half  right. 

The  average  per  diem  from  Feb.  22  to  March  1  :  Water,  394  cc. ; 
urine,  101  cc. ;  total  N.  intake,  4-9  gims  ;  total  N.  output  =  3-8  grms. 

The  animal  put  on  flesh  to  the  extent  of  0'6  kilo. 


Conclusions. 

These  experiments,  which  are  unfortunately  insufficient  in 
number  to  do  more  than  render  certain  results  probable,  tend 
to  show  that  partial  thyroidectomy  does  not  affect  the  meta- 
bolism severely.  In  complete  thyroidectomy  the  nitrogenous 
output  is  increased  but  little  beyond  the  amount  it  would  be 
in  starvation  with  loss  of  an  equivalent  in  body-weight. 
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Incidentally  observations  of  other  investigators  are  confirmed. 
A  warmer  atmosphere  seemed  to  have  a  bad  effect  upon  dog  2, 
and  this  is  in  accord  with  Lorrain  Smith's  observations  as 
opposed  to  Horsley's. 

The  occurrence  of  albuminuria  is  confirmed,  and  microscopic 
examiiiation  of  the  remnants  in  those  dogs  which  survived 
showed  hypertrophy  exactly  hke  that  described  by  Welch. 

The  expenses  of  this  research  were  defrayed  by  a  Royal 
Society  grant. 
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A  CASE  OF  HEEEDITAEY  BRACHYDACTYLY.  By 
T.  Law  Webb,  M.R.C.S.  Eng.,  L.E.C.P.  Lond.,  Associate 
Mason  Coll.     (Plates  XL.,  XLI.) 

A  CERTAIN  family  in  the  Shropshire  "  Black  Country  "  has  long 
been  noted  for  being  "  short-fingered."  The  peculiarity  can  be 
traced  back  for  six  generations;  and  seems  to  be  transmitted 
through  the  female  line. 

A  glance  at  the  family  tree  exhibits  this,  and  also  the  irregu- 
lar occurrence  of  the  abnormality.  In  one  family  every  child 
has  short  fingers,  whilst  in  two  others  the  first-born  has,  in  each 
instance,  normal  extremities,  the  rest  of  the  family  being  brachy- 
dactylous.  In  other  cases  the  incidence  of  the  abnormality 
follows  no  regular  order. 


I      I      I 
M*    F     M     M      F 
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"1 
M 

J 

F 

P 
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1 
M 
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M* 

1 
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M^ 

F*      M       M    F 

I  This  is  the  subject  of  this  memoir. 

In  the  tree  an  asterisk  indicates  the  individuals  not  affected 
by  the  brachydactyly. 

I  am  informed  that  in  most  of  the  family  the  toes,  as  well  as 
the  fingers,  are  affected.     They  certainly  are  so  in  one  of  the 
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family — Wm.  T.,  a  boy  aged  13,  whose  extremities  I  have  been 
ullowed  to  examine. 

All  the  fingers,  and  the  thumbs  of  both  hands,  were  extremely 
short,  giving  one  the  idea  that  there  were  only  two  phalanges  to 
each  digit.  In  the  photographs  of  the  palmar  and  dorsal 
aspects  of  the  right  hand  this  is  well  seen. 
-  Radiographs  show  that  the  shortening  is  due  to  the  fact  that 
in  the  fingers  the  second  phalanges,  and  in  the  thumbs  the  first, 
are  abnormally  short ;  in  fact,  are  not  more  than  one-third  the 
usual  length. 

The  usefulness  of  the  hand  does  not  appear  to  be  diminished 
perceptibly. 

This  boy  and  his  brother  and  sister  are  bright  and  lively 
children,  with  no  mental  or  bodily  abnormality,  save  the  short- 
ness of  the  digits. 


Jnum.  of  Anal,  and  Physiology,  July  1901.  \ 


[Plate  XL. 
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[Plate  XLI. 


Kiglit  hand  of  Wm,  Taylor,  a't.  i:^,  sliowiiig  ahnoniial  .slioitiicss  of  digits. 


Mr  T.  Law  Webb. 


NOTE  ON  THE  SUPERIOR  TIBIO-FIBULAR  JOINT. 
By  S.  A,  Owen,  Trinity  College. 

The  structure  which  I  am  about  to  describe  is  an  intra-articular 
lamella  shown  on  opening  the  tibio-fibular  capsule.  The  struc- 
ture in  question  appears  to  be  fairly  constant,  being  well 
marked  in  70  per  cent,  of  the  joints  which  I  have  examined. 

To  remove  the  capsular  ligament  I  find  it  best  to  carry  the 
knife  along  the  upper  and  posterior  margin  of  the  superior 
tibio-fibular  articulation,   in  order    to  display  this   lamella   to 


Fig.  1. — Right  superior  tibio-fibular  articulation.     The  arrow  head  is  inserted 
into  the  pocket-like   interval  between  the  ligament  {Liy.)  and  the  sliaft  of 
r        the  bone.     c. /</.,  capsular  ligament. 

the  best  advantage.  On  drawing  gently  aside  the  fibula,  one 
cannot  fail  to  notice,  if  the  ligament  is  present,  a  well-defined 
free  crescentic  border,  the  concavity  of  which  looks  upwards. 
"This  concavity  is  more  marked  in  some  cases  than  in 
others.  The  attachments  of  the  ligament  are  ias  follows: — 
Tlie  tibial  origin,  in  nearly  every  case,  is  well  marked,  and 
is  confined  to  the  outer  inferior  margin- of  the  tibial  facet  for 
'about  half  to  three-quarters  of  an  inch  (see  fig.  1).     From  this 
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attachment  the  band  passes  to  embrace,  as  it  were,  the  fibular 
facet,  but  its  attachments  to  this  bone  do  not  admit  of  such 
accurate  description. 

In  the  majority  of  cases  the  portion  which  passes  from  the 
inferior  extremity  of  the  tibial  attachment,  and  which  forms 
the  free  crescentic  margin  mentioned  above,  passes  inwards  and 
backwards  (when  the  bones  are  in  apposition),  and  is  attached 
to  the  rim  of  the  fibular  facet  along  its  inner  angle.  Between 
these  two  attachments  the  ligament  is  most  free,  and,  on  pulling 


0,.-^ 


Fig.  2. — Left  superior  tibio-fibular  articulation.  This  fig.  represents  a  case  in 
which  the  ligament  described  in  the  text  formed  an  incomjdete  septum 
internal  to  the  capsular  ligament.  The  head  and  point  of  the  pin  are  within 
the  joint  cavity  and  under  the  ligament.  Lig.,  ligament  described  in  text; 
c.  Ig.,  capsular  ligament  ;  iih.,  tibial  facet. 

the  two  bones  further  apart,  a  well-marked  pocket-like 
interval  is  left  between  the  fibular  shaft  and  the  inner 
aspect  of  the  ligament.  Inferiorly  the  ligament  blends  with 
the  capsular  ligament  on  its  deep  aspect  along  the  line  of  attach- 
ment of  the  capsular  ligament  to  the  fibula.  The  free  cres- 
centic margin  of  the  ligament,  on  putting  the  two  bones  into 
apposition,  is  approximated  to  the  plane  of  the  fibular  facet 
along  its  lower  border.  The  portion  which  passes  from  the 
other  extremity  of  the  tibial  attachment  is  shorter,  and  is  in 


NOTE   ON   THE   SUPERIOR   TIBIO-FIBULAR   JOINT.  491 

every  case  more  intimately  connected  with  the  deep  aspect  of 
the  capsular  ligament.  It  is  attached  to  the  superior  border  of 
the  fibular  facet,  chiefiy  at  its  outer  angle. 

In  one  joint  which  I  opened,  there  seemed  to  be  an  almost 
complete  lamellar  septum,  internal  to  the  capsular  ligament, 
which  entirely  covered  the  fibular  head,  and  presented  only  a 
small  central  aperture  (see  fig.  2).  In  this  case  the  tibial 
attachment  was  confined  to  the  outer  and  upper  margin  of  the 
tibial  facet. 

On  the  whole,  it  resembles  a  weak  orbicular  ligament  in 
appearance.  It  might  be  at  first  thought  that  the  ligament  was 
a  part  of  the  capsular  ligament ;  but  this  seems  unlikely,  since 
its  structure  difl'ers  very  materially  from  that  of  a  capsular 
ligament.  The  fibres  composing  it  are  delicate,  and  in  many 
cases  lodge  a  few  pellets  of  fat.  In  this  respect  it  resembles 
a  synovial  fold. 

Whether  the  structure  is  present  in  the  foetus  I  cannot  say 
for  certain,  since  my  investigations  in  that  direction  were  not 
sufficiently  extensive  to  be  conclusive.  In  one  foetus  (9  months) 
there  appeared  to  be  a  rudiment  of  this  structure  in  the  right 
joint,  in  which  the  knee  joint  and  tibio-fibular  articular  cavities 
appeared  to  communicate,  but  on  opening  up  the  left  joint  of 
the  same  fcetus,  I  could  find  no  indications  of  it. 


V 

KEPORT  OF  A  CASE  IN  WHICH  THERE  OCCURRED 
AN  ANOMALOUS  STRUCTURE  AT  AND  ABOUT 
THE  BASE  OF  THE  BLADDER  By  H.  T.  Thompson, 
Christ's  College. 

(a)  Lying  upon  the  outer  surface  of  the  external  trigonum  of 
the  bladder  about  midway  between  the  vasa  deferentia  is  a  pale 


Fig.  1.— Dissection  of  the  bladder  from  Lebind.  A,  anomalous  blind  tube  on 
the  base  of  the  bladder ;  B,  blind  end  of  the  dilated  sinus  pocularis  ; 
C,  ureter  ;  D,  vesieula  seminalis  ;  E,  vas  deferens  ;  F,  lateral  lobe  of 
prostate  ;  G,  ext.  muscular  coat  of  bladder. 

thick  blind  tube  50  mm.  in  length.  The  external  diameter  of 
the  tube  is  6  mm.  and  the  internal  2-3  mm.  It  passes  down 
between   the  common   ejaculatory   ducts   and  opens  into  the 
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bladder  near  the  apex  of  the  int.  trigonum.  (This  opening  is 
marked  "  a  "  in  the  second  diagram.) 

The  blind  end  lies  freely  in  the  tissue  between  the  bladder 
and  rectum,  about  midway  between  the  vesical  ends  of  the 
ureters.     (The  tube  is  marked  "  A  "  in  Diagram  1.) 

(b)  In  the  position  of  the  sinus  pocularis  is  a  blind  dilated  sae 
17  mm.  in  length  and  7  mm.  internal  diameter.     On  its  upper 


-..€ 


Fig.  2. — Dissection  showing  bladder  opened  from  in  front.  The  cut  is  continued 
down  into  the  urethra,  a,  opening  of  the  tube  marked  "  A  "  in  diagram  1  ; 
)3,  opening  of  ureter  ;  y,  opening  of  com.  ejaculatory  duct ;  5,  opening  of 
dilated  sinus  pocularis  ;  e,  int.  mucous  surface  of  the  bladder  ;  -q,  urethra 
slit  open. 

border  there  is  a  slight  elevation  corresponding  to  the  colliculus 
seminalis,  on  either  side  of  which  are  the  openings  of  the 
common  ejaculatory  ducts.  The  sac  ends  blindly  between 
the  two  lateral  lobes  of  the  prostate  in  the  position  indicated 
by  the  letter  B  in  the  first  diagram.  There  is  no  middle  lobe 
of  the  prostate  gland.  ' '     ''  "' 
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The  mucous  membrane  lining  each  tube  is  continuous  with 
that  hning  the  internal  surface  of  the  urethra. 

Possibly  these  two  structures  may  be  the  lower  ends  of  the 
ducts  of  Miiller,  which  have  persisted  into  adult  life.  In  that 
case  it  would  appear  that  the  fusion  of  the  lower  ends  of  the 
Milllerian  ducts  had  not  taken  place  during  fcetal  life,  as  is 
usually  the  case  in  Primates. 

The  asymmetry  of  the  two  vestigial  structures  and  the  median 
position  occupied  by  each  of  them  is  a  remarkable  feature  of 
this  case. 


V 


ANOMALY  OF  OMO-HYOID.  By  J.  Ernest  Frazer, 
F.E.C.S.,  Demonstrator  of  Anatomy,  St  Georges  Hospital, 
S.W. 

On  the  right  side  of  the  neck  of  a  female  subject  dissected 
this  winter  in  St  George's  Hospital  School,  the  following 
disposition  of  the  omo-hyoid  muscle  was  observed. 

The  upper  end  of  the  intermediate  tendon  bifurcated, 
one  portion  going  to  the  upper  belly  of  the  muscle,  the 
other  running  inwards  to  reach  the  sterno-hyoid ;  here  it 
became  directly  continuous  with  an  intersection  in  that  muscle, 
especially  marked  on  its  deep  surface.  Into  this  tendinous 
bridge  between  the  two  muscles,  groups  of  muscular  fibres 
were  inserted,  attached  above  to  the  hyoid  bone,  those  in  the 
angle  of  bifurcation  of  the  intermediate  tendon  forming  ap- 
parently part  of  the  upper  omo-hyoid  belly,  the  remainder 
forming  a  muscle  lying  between  this  and  the  sterno-hyoid. 
This  intermediate  muscle  was  in  contact  with  the  upper 
belly,  but  easily  separated  frojn  it,  a  little  loose  tissue  in- 
tervening; but  on  its  inner  side  it  was  separated  from  the 
upper  part  of  the  sterno-hyoid  by  a  thick  fascia  containing 
strands  of  muscular  fibres,  so  that  practically  the  whole  length 
of  the  upper  margin  of  the  tendinous  bridge  afforded  points 
of  attachment  to  infra-hyoid  muscular  fibres. 

The  fascia  below  the  bridge  had  been  removed  before  my 
attention    was    called    to    this    structure,    so    I    cannot    give 
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particulars    about   its    condition.       There    was    no    apparent 
intersection  of  the  sterno-hyoid,  and  the  left  side  showed  the 


usual  muscular  arranc^ement. 


Although  incomplete  suggestions  of  association  of  the  two 
muscles  are  of  course  not  uncommon,  complete  tendinous 
intersection  of  the  muscular  sheet  such  as  this  is  of  very 
rare  occurrence. 
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DOUBLE  LEFT  PAEIETAL  BONE  IN  A  SCOTTISH 
SKULL.     By  Professor  Sir  William  Tukner. 

In  1884  I  described  and  figured  in  the  skull  of  a  native  of  the 
Admiralty  Islands  ^  a  skull  in  which  the  right  parietal  bone 
was  divided  into  an  upper  and  lower  part  by  a  suture  which 
passed  almost  horizontally  from  the  coronal  to  the  lambdoidal 
suture.  In  1891  I  also  figured  a  similar  specimen  in  an 
aborighial  Australian  skull.-  In  these  papers  I  called  attention 
to  the  cases  of  a  corresponding  kind  which  had  been  noticed  by 
previous  observers. 

I  have  now  to  refer  to  a  third  adult  skull  in  the  University 

Museum,  in  which  a  similar  division  exists,  but  in  this  specimen 

in  the  left  bone.     The  skull  is  that  of  a  Scotchman.     It  was 

found  a  number  of  years  ago  at  a  burial-place  in  Dunbar,  and 

forms  a  part  of  the  collection  of  the  old  Phrenological  Museum. 

The  suture  is  strongly  denticulated,  and  completely  divides  the 

left   bone   into   two  unequal   moieties.      The  upper  part  was 

106  mm.  in  antero-posterior  diameter  and  78  mm.  in  vertical 

diameter ;  the  lower  part  was  104  mm.  in  antero-posterior  and 

38  mm.   in   its   least   vertical    diameter.     At    the    anterior  or 

coronal  end  of  the  dividing  suture  two  small  sutural  bones  were 

interposed  between  it  and  the  coronal  suture,  and  the  skull  was 

depressed   somewhat    in    this    region.       The    lambdoidal   and 

coronal  sutures  were  strongly  denticulated,  and  a  small  epip- 

teric  bone  was  situated  in  each  pterion.     All  these  sutures  were 

distinctly  marked  on  the  inner  table,  though  much  more  feebly 

denticulated  than  in  the  outer  table,  and  it  was  observed  that 

small  sutural  bones  were  differentiated  in  this  table  both  at  the 

lambdoidal  end  of    the   intraparietal   suture   and    within  the 

lambdoidal  suture,  as  well  as  those  already  referred  to  in  the 

exterior  of  the  skull.     A  short  paracondyloid  process  projected 

downwards  from  the  under  surface  of  the  left  jugal  process.     In 

other  respects  the  ossification  of  the  skull  was  normal. 

'  Challencfcr  Reports,  part  xxix.  plate  iv.  p.  .'J7. 

-  Journal  of  Anatomy  and  Physiology,  vol.  xxv.  pp.  462-473. 


ELEVENTH  KEPORT  ON  RECENT  TERATOLOGICAL  LITERA- 
TURE. By  Bertram  C.  A.  Winble,  M.D.,  Sc.D.,  F.R.S., 
Professor  of  Anatoimj  in  the  University  of  Birmingham, 

[The  author  of  this  report  will  feel  greatly  obliged  if  writers  on  teratological 
subjects  will  supply  him  with  reprints  of  their  papers  for  use  in  the  preparation 
of  future  reports.] 

I.  Experimental. 

CuTORE  (i.)  has  made  further  experiments  in  the  oft-tried  direction 
of  vaniishing  a  certain  extent  of  the  shell,  and  concludes  that  the 
development  of  the  embrj'^os  in  eggs  thus  treated  is  in  inverse 
ratio  to  the  amount  of  the  shell  which  is  varnished.  He  confirms 
the  observation  of  ]\Iingazzini  that  the  multiple  canals  of  the  caudal 
end  of  the  medullary  canal  are  in  direct  relation  to  the  insufficient 
aeration,  as  he  finds  them  in  all  the  embryos  which  he  obtained  from 
varnished  shells.  Grave  malformations  of  the  nervous  system  can 
be  provoked  by  varnishing  the  egg,  atrophy  and  deformation  of  the 
cerebral  and  otic  vesicles  being  established  at  a  very  early  stage 
of  development.  The  multiple  canals  in  the  dorso-lumbar  region 
seem  to  be  formed  by  cell-proliferations  which  advance  into  the 
interior  of  the  primitive  medullary  canal  in  the  manner  of  septa. 
A  further  series  of  similar  experiments,  as  also  of  others  dealing 
with  development  under  increased  and  diminished  temperature 
conditions,  have  been  detailed  at  great  length  by  Mitrophanow  (ii.). 
These  observations  particularly  relate  to  the  nature  of  the  primitive 
streak.  Fere  (iii.)  states  that  the  injection  of  cantharidin  into  eggs 
increases  the  tendency  to  variation.  At  the  same  time  that  it  provokes 
monstrosities  it  also  accelerates  development,  especially  in  feeble  doses. 
In  another  paper  (iv.)  the  same  writer  gives  a  resume  of  the  work 
which  he  has  done  in  experimental  feratology  since  1893.  Most, 
if  not  all,  of  the  observations  covered  by  that  period  have  been 
detailed  in  earlier  reports  in  this  series.  The  same  writer  (v.) 
directs  attention  to  the  manifold  causes  which  may  lead  to  an 
irregularity  in  orientation  on  the  part  of  the  chick-embryo  in  the 
egg.  The  substances  employed  in  the  experiments  detailed  were 
the  vapours  of  ethyl  alcohol,  chloroform,  phosphorus,  etc.  The 
same  experimenter  (vi.)  shows  that  weak  solutions  of  rafeine 
seem  to  cause  rapid  development  of  a  normal  character  in  the 
egg,  whilst  stronger  produce  bad  effects,  including  the  development 
of  nionsti'osities. 
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11.  General. 

Mall  (vii.)  has  issued  a  most  elaborate  and  valuable  report 
upon  a  number  of  early  via/forrned  embryos,  the  usefulness  of  which 
is  much  increased  by  the  beautiful  series  of  illustrations  with  which 
it  is  adorned.  About  fifty  pathological  specimens  are  described, 
all  of  which  are  abnormal  in  one  or  other  of  two  directions,  viz., 
either  the  embryo  is  primarily  affected  or  the  chorion.  His's  nodular 
forms  seem  to  be  the  earliest.  Mall  prefers  to  call  these  vesicular,  and 
states  that  they  all  represent  embryos  earlier  than  the  second  week, 
since  in  none  of  them  have  the  blood-vessels  reached  the  villi  of  the 
chorion.  The  nature  of  the  magma  is  considered  :  it  is  not  fibrous, 
as  may  be  shown  by  tests,  but  may  become  excessively  developed 
and  even  granular  in  abnormal  ova.  Respecting  the  cells  found 
so  widely  scattered  through  the  tissues  of  abnormal  embryos.  Mall 
makes  the  following  interesting  remarks  :  "  In  nearly  all  instances 
there  are  scattered  throughout  the  magma  numerous  cells  with 
relatively  small  nuclei  and  a  considerable  quantity  of  protoplasm, 
showing  all  the  characteristics  of  the  blood-corpuscles  of  the  embryo. 
These  are  the  migrating  cells  of  His.  In  all  pathological  specimens 
it  is  found  that  the  migrating  cells  penetrate  all  of  the  tissues 
of  the  embryo  ;  in  fact,  all  of  the  tissues  and  spaces  within  the 
chorion.  My  specimens  show  all  of  the  intermediate  stages  between 
blood-vessels  filled  with  blood,  with  few  migrating  cells  in  the 
tissues,  to  empty  blood-vessels  with  the  tissues  stuff"ed  with  migrating 
cells.  These  stages,  together  with  the  common  morphological  appear- 
ances of  the  blood-corpuscles  and  the  migrating  cells,  force  the 
conclusion  that  the  latter  are  blood-corpuscles  within  the  tissues. 
It  appears  as  if  the  blood-corpuscles  of  the  embryo  have  great 
power  to  migrate  within  the  blood-spaces  before  the  heart  is 
formed.  In  pathological  embryos,  when  the  circulation  is  retarded 
or  arrested,  the  corpuscles  leave  the  blood-vessels  to  form  a  condition 
which  may  be  termed  inflammation  of  the  embryo.  As  the  blood- 
cells  leave  the  blood-vessels  to  wander  through  the  tissues,  the  blood- 
vessels continue  to  grow  in  diameter  as  well  as  in  extent,  for  I 
have  numerous  specimens  in  which  the  aorta  is  distended  and  empty, 
while  in  other  instances  capillary  vessels,  without  blood  within  them, 
have  grown  into  the  villi  of  the  chorion," 

A  number  of  the  specimens  described  are  those  in  which  the 
chorion  continued  to  grow  although  the  embryo  was  arrested  in 
development;  thus  a  fonr-weeks  chorion  may  co-exist  with  a  two- 
weeks  embryo  in  it.  A  number  of  specimens  of  this  nature  are 
described.  Degeneration  of  the  embryo  may  take  place  to  such 
an  extent  as  only  to  leave  the  umbilical  cord,  a  condition  which 
the  writer  first  thought  was  one  of  cylindrical  degeneration  of  the 
embryo.  Sections,  however,  cleared  this  matter  up  and  showed 
the  real  nature  of  the  condition.  At  an  early  stage,  after  the 
formation  of  the  amnion,  through  some  unknown  causes,  the  embryos 


ELEVENTH   EEPORT   ON    RECENT   TERATOLOGICAL   LITERATURE.    499 

die,  or  having  been  originally  deformed,  cease  to  grow,  wliile  the 
amnion,  cord,  and  chorion  grow  on  as  if  nothing  had  happened. 
The  earliest  stage  of  this  form  of  degeneration  is  represented 
in  an  embryo  which  consists  of  a  very  atrophic  head  only,  seated 
upon  the  tip  of  the  umbilical  cord  within  the  amnion.  The  umbilical 
vesicle  is  attached  to  the  side  of  the  cord  but  does  not  in  any 
way  extend  to  the  embryo.  Again,  there  are  other  cases  in  which 
the  ova  are  normal  in  outward  appearance  in  every  way  but 
contain  no  embryos.  All  the  above-mentioned  forms  of  defect  may 
be  explained  as  forms  of  arrested  development  of  the  embryo, 
its  partial  or  its  complete  desti'uction.  The  writer  finally  considers 
the  very  puzzling  group  of  vesicular  embryos,  of  which  it  has 
always  been  asserted  that  they  are  early  pathological  embryos. 
All  the  specimens  at  the  author's  disposal  indicated  in  every  way 
that  the  vesicle  is  the  umbilical,  for  in  it  are  found  .the  characteristic 
mesoderm  with  blood-vessels  filled  with  blood.  Rabaud  (viii.) 
has  a  paper  on  regeneration  and  ricatrhation  in  their  relation 
to  embryonic  development,  in  which,  after  a  general  survey  of 
the  problems  connected  with  the  subject,  the  author  concludes 
that  regeneration  is  affected  according  to  the  laws  of  phylogenetic 
development,  i.e.  in  obedience  to  the  exigencies  of  the  derivation 
of  the  layers.  Ballantynb  (ix.)  has  an  interesting  paper  on  the 
pathology  of  the  germi?ial  period  of  antenatal  life,  which  he  says 
ends  with  the  first  appearance  of  the  embryo  in  the  embryonic 
area  of  the  blastodermic  vesicle.  In  this  period  he  considers 
that  morbid  causes  are  chiefly  effective  in  producing  tendencies 
which  may  afterwards  become  monstrous  developments  or  non- 
developments,  or  diseases ;  while  in  the  later  period  these  results 
are  doubtless  still  produced,  but  in  addition  there  has  to  be  taken  into 
account  the  production  of  twins  and  united  terata,  and  perhaps 
also  of  neoplasms,  certainly  of  teratomata.  The  same  author  (x.) 
in  another  paper  describes  a  case  of  re.'urrent  monstriparity  in  a 
woman  the  subject  of  hereditary  malformation  of  the  muscles 
of  the  thumb  as  well  as  of  other  abnormalities.  Fere  (xi.)  gives 
an  account  of  an  arred  of  developvient  in  tJie  area  opaca  of  the 
chick,  which  affected  its  entire  extent.  Lenormant  and  Durand- 
ViEL  (xii.)  give  an  account  of  a  case  of  complete  inversion  of  the 
viscera  in  a  female  aged  22,  in  whom  the  great  vessels  of  the 
thorax  were  also  displaced. 

Fere  (xiii.)  gives  evidence  to  show  that  the  amnio7i  is  not  re- 
sponsible alone  for  the  separation  of  parts  of  the  foetal  body.  He 
has  found  two  eggs  in  one  of  which  the  head  Avas  separated  from 
the  body  and  in  the  other  both  the  cephalic  and  caudal  extremities 
were  atrophic.  In  neither  of  these  instances  could  the  amnion  have 
been  responsible,  for  in  both  it  formed  a  large  sac  round  the  embryo. 
Eertacchini  (xiv.)  narrates  another  case  of  so-called  iiudemal  iiU' 
pression,  and  generally  discusses  the  subject.  Rabaud  (xv.)  describes 
tiro  new  conditions  allied  to  ompha'ocephaly,  which  he  calls  ourentery 
and  cordentery.  He  proposes  to  form  a  new  group  called  Enentcrians, 
i.e.  cases  in  which  some  part  of  the  embryo  is  abnormally  lodged  in 
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the  alimentary  canal,  either  anteriorly  or  posteriorly.  The  former 
are  the  cases  called  by  Dareste  omphalocephaly,  the  latter  those 
described  by  the  author  under  the  title  of  ourentery.  The  condition 
described  as  cordentery  is  founded  on  one  observation  in  which  the 
dorsal  chorda  was  elongated  in  the  direction  of  the  alimentary  canal 
and  in  part  clothed  by  it.  In  the  former  two  conditions  we  are  in 
face  of  an  unusual  growth  of  the  nervous  system,  which  directs  itself 
towards  the  endoderm  and  is  clothed  by  it. 

The  excrescence  in  Omphalocephaly  is  very  large,  for  it  springs 
from  a  portion  of  the  nervous  system  endowed  with  a  great  power  of 
multiplication.  The  excrescence  of  Ourencephaly  is,  on  the  contrary, 
very  small.  "Whichever  end  of  the  neural  axis  it  may  be  which 
behaves  in  this  manner,  the  resulting  tissue  is  incapable  of  forming 
ganglia.  CuTORB_(xvi.)  gives  an  account  of  his  histological  investi- 
gations into  the  spinal  cord  of  a  chick  embryo  of  forty-eight  hours, 
with  multiple  medullary  canals — a  specimen  previously  described  in 
less  detail.  The  results  of  these  observations  are  as  follow  : — (1)  The 
medullary  tube,  in  a  given  area  of  the  abnormal  tract,  is  irregular  in 
shape  and  has  two  canals  lying  side  by  side.  (2)  In  other  parts  the 
canals  are  more  numerous,  varying  in  position,  form  and  dimensions. 
(3)  The  tube  is  for  the  most  part  constituted  of  fusiform  elements 
radially  disposed  towards  the  cavity  of  the  canal;  this  is  also  the 
case  in  the  abnormal  canals.  In  the  dissepiments  met  with  in  these 
canals  and  in  the  projecting  processes  which  are  present  in  their 
interior  are  found  many  round  cells.  (4)  INIany  caryokinetic  figures 
are  observable  in  the  most  internal  strata  of  cells  surrounding  these 
canals. 


III.  Duplicity. 

V.  Schumacher  and  Schwarz  (xvii.)  add  two  to  the  list  of  descrip- 
tions of  'poliinudear  ova  in  the  human  subject.  One  of  these 
specimens  was  obtained  from  the  ovary  of  a  female  aged  41, 
who  had  borne  ten  children,  but  no  twins.  Of  the  history  of  the 
woman  from  whom  the  other  specimen  was  obtained  nothing  is 
known.  Castro  (xviii.)  describes  a  case  of  nutomelus  in  the  human 
subject,  a  most  rare  condition.  From  the  centre  of  the  back  of  a 
female  infant  ?et.  two  days,  projected,  at  the  level  of  the  third  or 
fourth  dorsal  vertebrae,  two  limbs  resembling  upper  extremities,  and 
each  consisting  apparently  of  a  forearm  and  a  hand.  Below  these 
was  a  spina  bifida.  The  limbs  were  removed  by  operation  and 
proved  to  contain  upper  limb  bones,  humerus,  metacarpals,  phalanges, 
but  imperfectly  developed.  Bryce  (xix.)  describes  a  case  of  anterior 
dit'plicity  in  a  chick-embryu  of  thirty-four  hours,  in  which  there  were  two 
separate  notochords  throughout.  The  medullary  canals  were  in  part 
separate,  in  part  fused,  and  the  same  is  true  of  the  foregut. 
Ballantyne  (xx.)  describes  a  case  of  included  fcetm  in  a  child  aet. 
three  months.  The  parasite  was  situated  in  the  lesser  peritoneal  sac. 
It  was  in  part  solid  and  in  part  cystic.      At  one   point   there   was  a 
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projection  resembling  a  pair  of  rudimentary  digits.     On  the  opposite 
side    there    Avere    some    pieces    of  intestine,  also   two    teeth.     Some 
fragments    of    bone   and    cartilage    were    also  discovered.     Compare 
No.  xlix,  in  this  report.     Wetzel  (xxi.)  details  the  facts  of  a  case  in 
vfhich  theve  \Yexe  four  centres  of  development  on   the  egg  of  a  ring- 
snake,  and  all  in  an  active  state  of  division.     These  were  arranged  in 
pairs,  one  of  which  was  very  close  together,  the  other  a  little  further 
apart.     The  author  thinks  that  there  must  have  certainly  been  four 
germinal  vesicles  originally  present  to  account   for   this   condition. 
Bradley  (xxii.)  has  met  with  a  case  of  acardiacus  in  a  cow.     Part 
of  the  specimen  was  covered  with  curly  hair,  such  as  is  usually  found 
over  the  frontal  region  of  calves.     The  greater  part  of  its  interior  was 
occupied  by  intestines,  and  there  was  also  a  stomach,  small,  and  con- 
sisting of  only  one  cavity.     A  mass  of  bone  and  cartilage  represented 
the  skeleton,  and  perhaps  most  nearly  resembled  a  vertebral  column. 
Cavalie  and  Gukrin-Valmale  (xxii.)  mention  a  case  of  mylacephalo'us 
twin,  with  noticeable  upper  and  lower  extremities,  which  was  borne  by 
a  woman  at  her  first  confinement.     On  both  her  side  and  that  of  her 
husband  twinning  was  strongly  hereditary.     Keith  (xxiv.)  gives  a 
very  full  account  of  the  anatomy  of  tico  acardiac  acephalic  fretuses. 
He  regards  a  parasitic  f cetus  as  the  product  of  the  lesser  and  imperfect 
part  of  a  twin  blastoderm.     Dealing  with  the  dropsical  condition  met 
with  in  all  or  almost  all  such  cases,  he  states  his  opinion  that  there  is 
from  the  very  first  a  grave  lesion  in  the   normal  physiology   of   the 
cell.     Macphail  (xxv.)  narrates  a  case  of  Janiceps  in  which  the  two 
faces  were  rotated  at  right  angles  to  the  anteroposterior  plane  of  the 
spinal  cord.     One  face  was  fully  developed,  the  other  was  not.     The 
eyeballs  were  merged    together    in    a  triangular  gap,    the   nose   was 
represented  by  two   fleshy   elevations,  and  the   mouth   was   deeply 
placed  between  the  ears.     Chambrelent  (xxvi.)  describes  a  derodyme 
monster,  i.e.  one  with  two  heads  and  two   vertebral   columns,  and  a 
similar  monster  is  dealt  with  by  Smith  (xxvii.).     Condon   (xxviii.) 
gives   notes    of    a    thoracopagus,    and   Heynsbergh    (xxix.)   of   an 
ischiopagus.     GiLis  (xxx.)  wishes  to  estabhsh  a  new  class  of  double 
monstrosiiy  which   he    calls   rliinodymia.     In    this    class  there  is  a 
single  body  and  neck,  and  the  head  is  single  from  the  occiput  to  the 
eyes.     EeloAV  this  it  is  formed  by  two  faces  fused  in  the  median  line, 
and  presents  four  nasal  fossae,  doubled  maxillte  and  tongues,  with  two 
isthmuses  of  the  fauces ;   the  pharynx  and  oesophagus  are,  however, 
single.      Seligaiann  (xxxi.)  gives  an   account   of  a   supernumerary 
dorsal  fin  in  a  trovt.     The  fin  consisted  of  ten  soft  fin-rays  situated  in 
the  mid-dorsal  line,  immediately  behind  the  head,  and  5  cm.  in  front 
of  the  dorsal  fin.     All  the  other  fins  were  present  and  normal.     As 
far    as   the  author  knows,  this    is    a  unique  example.     It  probably 
represents  an  anterior  part  of  an  originally  longer  dorsal  fin,  and  is 
homologous  with  the  spiny  rays  of  the  Gastrosteidie,  the  tentacles  of 
Lophius,  and  the  anterior  spiny  fin  of  many  other  fishes. 
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IV.  Head  and  Neck. 

Haxsemann  (xxxii.)  gives  a  description  of  two  sisters  of  2h  and  Ih 
years  old  respectively,  affected  with  microcephaly.     The  skulls  were 
very  small,  but  the  condition  was  not  one  of  nanocephaly  but  of 
extraordinary  smallness  of  the  brain  chamber,  the  brain  itself  being 
also  clearly  microcephalous.     There  was  a  reduction   in  the  convolu- 
tions and  a  quite  re  i  arkable  deficiency  in  development  of  the  so- 
called  association  centres,  whilst  the  so-called  projection  centres  were 
fairly  well  developed.     The  insula  was  not  exposed.     There  was  also 
an  extraordinaiy  amount  of  rachitis  present,  with  many  periosteal  new 
formations  affecting  the  skull  as  well  as  other  parts  of  the  skeleton. 
The  question  is  raised   as   to  the  relationship  between  the  two   con- 
ditions.    The  microcephaly  is  the  result  of  an  intra-uterine  disturbance, 
though  a  late  one,  Avhilst  rickets  affecting   the   skull    has  never  yet 
been  described  as  a  congenital  disease.     The  author  thinks  that  the 
two  conditions  are  quite   independent  of  one  another  in  the  case  in 
question.     Onodi  (xxxiii.)  describes  a  case  of  anencephalus  in  which 
the  child  lived  for  sixty-one  hours.    The  medulla  and  pons  were  present, 
but  not  the  cerebrum  or  cerebellum.     Several  members  of  the  mother's 
family   had    borne    anencephalous    monsters.       Caeacachb   (xxxiv.) 
records  a  case  of  anencephaly  in  which  there  was  no  spinal  fissure. 
The  face  was,  however,  cleft  down  to  and  through  the  ujjper  lip  and  the 
roof  of  the  mouth.     In  a  case  of  twins,  one  of  which  was  normal, 
Fleischer  (xxxv.)  found  the  other  to  be  a7ie7ice23halov>i  or  pseuden- 
cephalous,  and  there  was  a  connection  between  the  membrane  covering 
the  top  of  the  head  and  the  amnion.     The  left  nostril  was  normal, 
but  the  right  was  replaced  by  a  cleft  which  passed  upwards  towards 
the  inner  can  thus  of  the  eye.     Mouchotte  (xxxvi.)  gives  an  account 
of  a  case  in  which  there  was  congenital  miion  hehceen  the  atlas  and 
the  occiput.     This  was  clearly  not  a  late  union,  for    the   connection 
between  the  two  was  by  a  true  dentate  suture.     A  similar  condition 
has  been  described  in  three  cases  by  Eegnault  (xxxvii.).     In  the 
first,  the  left  half  of  the  anterior  arch  was  alone  united  to  the  skull ; 
in  the  second,  the  anterior  and  posterior  arches  were  united,  but  only 
on  the  right  side.     In  the  third  case  the  anterior  and  posterior  arches 
were  united  to  the  occiput  on  the  left  side,  and  the  outer  part  of  the 
ap.terior  portion  of  the  right  arch  was  also  joined  to  the  same  bone. 
Marion  (xxxviii.)  describes  a  case  of  absence  of  the  left  half  of  the 
squamous  'part  of  the  occipital   bone  in   a  man  aged   18i.      It  was 
congenital  in  its  nature,  and  the  impulse  of  the  brain  could  be  felt  at 
the  spot  at  each  beat  of  the  heart.     Schmidt  (xxxix.),  in  a  paper  on 
rare  clefts  in  the  region  of  the  face,  gives  the  following  instances  : — 1, 
A  congenital  mucoid  cyst  of  the  root  of  the  nose  with  pug-nose;  2, 
a  true  median  fissure  of  the  upper  lip;  3,  a  case  of  arhinencephaly ; 
4,  a  gliomatous  tumour  of  the  back  of  the  nose.     Apeijt  (xl.)  records 
a  case  of  bifid  uvula,  where   there  was  also  double  hare-lip  but  no 
alveolar  or  palatine  cleft,  in  a  male  aged  36.     There  Avere  also  dental 
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abnormalities  present.  Parker  (xli.)  gives  an  account  of  an  unusual 
case  of  double  hare-lip  in  which,  in  pLice  of  the  appendage  composed 
of  prolabium  and  premaxilla  usually  found  attached  to  the  nose  in 
cases  of  double  hare-lip,  there  was  a  globular  tumour  in  the  same 
situation,  covered  with  white  skin,  and  in  size  about  half  the  width 
of  the  mouth.  The  nose  was  pushed  up  and  flattened,  with  the 
nostrils  spread  widely  apart  by  the  deep  attachment  of  the  tumour. 
Wilson  (xlii.)  contributes  a  lengthy  article  on  spina  bifida.  Gerard 
(xliii.)  narrates  a  case  in  which  a  cervical  rib  was  present,  and 
articulated  with  the  first  thoracic  ribs.  This  last  was  formed  by  the 
fusion  of  the  normal  first  and  second  ribs. 


V.  Thorax. 

Dauthuile  (xliv.)  concludes  a  lengthy  paper  on  mammary 
ahnormalities,  by  the  following  conclusions  :— (1)  Mammary  structures 
arise  in  the  human  embryo  from  the  mnmmary  line,  a  common 
epithelial  anlage  which  extends  from  the  root  of  the  embryonic  upper 
extremity  towards  the  caudal  end  and  terminates  at  tlie  inguinal 
fold.  (2)  At  a  certain  stage  of  evolution  of  the  mammary  line,  besides 
the  normal  mammary  anlagen,  there  are  other  supernumerary 
anlagen  throughout  the  entire  extent  of  the  line,  i.e.  embryonic 
hyperthelia  and  hypermastia  exist.  In  the  course  of  the  development 
of  the  embyro,  these  supernumerary  formations  disappear  without 
leaving  any  trace  behind.  (.3)  The  two  mammary  lines,  which  are 
distinctly  dorsal  at  the  commencement  of  embryonic  life,  undergo  a 
complete  change  of  position  towards  the  median  ventral  line,  "as  a 
result  of  the  formation  of  the  abdominal  parietes  and  the  closure 
of  the  umbihcus.  (4)  According  to  the  author,  amastia  can  be 
explained  by  a  congenital  absence  of  the  mammary  line,  or  by  the 
atrophy  of  its  constituent  elements.  Hyperthelia  and  hypermastia 
are  due  to  the  persistence  of  supernumerary  anlagen  of  the  mammary 
line,  each  of  which  develops  in  precisely  the  same  manner  as  the 
normal  breast.  (.5)  There  exists  a  close  histological  relationship  between 
mammary  and  sebaceous  tissues.  The  author  proposes  to  describe  as 
pseudo-mammary  formations  those  progressive  anomalies  of  the 
sebaceous  glands  which  may  easily  be  mistaken  for  mammary 
formations.  It  is  evident  that  such  structures  may  be  met  with  in 
any  part  of  the  body  which  normally  presents  sebaceous  glands, 
Braquehaye  (xlv.)  describes  a  case  of  supernumerary  mamma  lying 
below  the  umbilicus.  Like  the  only  other  two  cases  of  a  similar 
nature  known  to  the  author,  it  was  in  a  male,  and  lay  mid-way 
between  the  umbilicus  and  the  penis.  It  was  in  a  state  of  active 
secretion,  and  when  removed  its  nature  was  proved  beyond  a  doubt 
by  microscopic  examination.  Civatte  (xlvi.)  records  a  case  of 
cardiac  abnormality  in  a  female  fet.  19,  who  died  of  tuberculosis. 
There  was  an  incomplete  septum  ventriculorum  and  no  pulmonary 
artery.     The  aorta,  which  had  only  three  valves,  was  connected  with 
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both  ventricles.  The  bronchial  arteries,  which  were  much  enlarged, 
functioned  as  the  pulmonary  arteries.  Mace  records  a  case  of 
ohliteration  of  the  cesopliagus  opposite  the  first  and  second  rings  of 
the  trachea.  The  upper  segment  of  the  CBSophagus  opened  into  this 
tube.     Sternberg  (xlviii.)  adds  another  to  the  cases  oifissura  sterni. 


VI.  Abuomex. 

Paquy  (xlix.)  gives  a  description  of  a  teratoma  found  in  the  abdomen 
of  a  female  still-born  child.     The  abdomen  measured  over  14  inches 
in  circumference,  and  through  its  walls  a  soft  tuberous  mass  could  be 
felt.     All  the  abdominal  and  pelvic  organs  were  normal,  except  the 
omentum,  which   was   occupied   by  a   tumour   made   up   largely  of 
cartilage    with     glandular    elements     and    abundant    blood-vessels. 
Teratomata  due  to   foetal   inclusion  are   always  supra-umbilical   and 
closely    connected    with   the    alimentary    canal.     Out   of    28    cases 
collected  by  Ropin,  their  seat  is  noted  in  14,  namely,  between  the 
layers  of  the  transverse  meso-colon,  5  ;  between  the  kidney,  pancreas 
and  diaphragm,  that  is  to  say,  at  the  base  of  the  transverse  meso- 
colon, 1  ;  in  the  folds  of  the  mesentery,  5  ;  between  the  layers  of  the 
great  omentum,  2  ;  in  the  gastro -hepatic  omentum,   1  case.     Schenk 
(1.)  records  a  case  of  congenital  lateral  ventral  hernia  in  an  infant.     It 
existed  on  the  right  side  between  the  ribs  and  the  crest  of  the  ilium. 
The  suggestion  is  that  the  ill-development  of  the  muscles  of  the  right 
.  side,  which  permitted  the  hernia,   was  due  to  sharp  pressure  of  the 
strongly  flexed  right    knee  against    the  loin.     When    the  knee    was 
flexed,  it  was  found  that  it  fitted  into  the  gap  in  the  muscles  which 
formed    the  neck    of    the  hernia.     The    forced    flexion    of    the  limb 
appears  to  have  been  due  to  scantiness  of  liquor  amnii.     Gandy  (li.) 
records  a  case  of  congenital  duodenal  direrfictdum  projecting  from  the 
gut    on  the   left  side  below  the    head  of    the  pancreas.     A  case  of 
duplicity    of  the    inferior   vena    cava    is    very    fully    described   by 
GoBRuN  (Hi.).     Warthin  (liii.)  describes  the  finding  of  an  accessory 
adrenal  about  the  size  of  a  pea  in  the  broad  ligament.     Full  micro- 
scopic details  are  given.     The  author  says  that  he  has  found  twenty- 
three  reported  cases  since  ]\larchand  first  described  the  condition  in 
1883.     AuDiON  (liv.)  narrates  a  case  of  epispadias  in  a  female  infant. 
There  was  no  clitoris,  and  the  meatus  was  placed  above  the  anterior 
commissure.     The  nymphffi  were  well  developed,  and  the  bvbia  majora 
formed  two  large  swellings,  one  on  either  side.     Cutore  (Iv.)  gives  a 
further  account  of  the  child  aff'ected  with  epispadias,  the  subject  of  a 
previous  paper.     The  infant  having  died,  a  post-mortem  examination 
was  made,  which  revealed  the  fact  that  the  corpora  cavernosa  were 
placed  below  instead   of  above    the  urethra.     Wells  (Ivi.)    has   an 
elaborate  paper  on  cases  of  dv]jlication  of  the  uterus  and  vagina,  with 
a  full  account  of  the  literature  of  this  subject  for  the  past  decade. 
He    divides   the    observed    cases   into    the    following  categories: — 1. 
Uterus  septus,  a  uterine  body  with  a  fundus  of  normal  shape  or  some- 
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what  broadened,  but  with  an  antero-posterior  septum  dividing  its 
cavity  into  two.  This  form  of  uterus  generally  has  one  cervical 
opening,  but  it  may  have  two.  2.  Uterus  arcuatus  has  the  middle 
of  the  fundus  depressed,  and  more  or  less  of  a  septum  exists.  3. 
Uterus  hicornis,  the  two  horns  are  more  or  less  perfectly  separated, 
but  are  joined  to  the  cervix.  4.  Uterus  duplex,  the  two  horns  are 
completely  separated,  and  there  are  two  separate  cervices  united  at 
the  vagina,  the  junction  being  by  a  band  of  connective  tissue.  5. 
Uterus  didelphi/s,  the  separation  of  the  two  uteri  is  complete,  a  very 
rare  form.  Civatte  (Ivii.)  describes  a  case  of  absence  of  the  uterus 
in  a  female  aged  41.  The  ovaries  were  of  the  usual  size  and  tlie 
tubes  ran  as  usual,  but  there  was  no  true  uterus,  tbe  only  representative 
of  this  organ  being  a  fusiform  swelling  on  the  end  of  the  left  tube, 
about  1^  inches  in  length.  This  represented  one  cornu  and  half  tbe 
body  of  a  cervix  of  a  uterus,  there  being  traces  of  an  arbor  vitse. 
This  swelling  was  not  connected  with  the  right  tube.  Both  tubes 
were  patent  only  in  their  outer  half.  There  was  an  accessory  ovary 
connected  with  the  left  tube. 


VIT,    EXTRExMITIES. 

RiEDER  (Iviii.)  gives  a  very  interesting  history  of  a  family  affected 
with  three-^ilialanrjed  ^^oUices.  The  wife  and  two  of  the  children 
were  normal,  the  husband  and  the  remainder  of  the  family 
presenting  the  following  conditions.  Husband,  left  pollex  normal ; 
right  has  a  small  ossicle  between  the  ungual  and  the  next  phalanx. 
Children — 1.  F.,  ffit.  19,  a  well-marked  extra  phalanx  in  both 
pollices.  2.  F.,  ivt.  13,  normal.  3.  F.,  set.  12,  left  pollex  has  a 
small  ossicle  between  the  ungual  and  other  phalanx,  very  similar  to 
that  found  in  the  father's  right  hand.  On  the  right  side  there  was  a 
distinct  extra  phalanx.  4.  F.,  Pet.  11,  same  as  the  last  exactly.  6. 
M.,  3et.  7,  normal.  6.  M.,  ret.  4,  on  the  left,  a  partly  divided  extra 
middle  phalanx,  also  a  double  ungual  phalanx,  the  additional  member 
lying  beside  the  normal.  The  ungual  phalanx  of  the  index  was  also 
double.  On  the  right  side,  syndactyly,  not  osseous,  of  index  and 
medius,  with  a  high  web  between  medius  and  annularis.  The  author 
concludes  that  it  is  the  middle  phalanx  which  is  missing  in  the  normal 
pollex.  Klippel  and  Eabaud  (lix.)  describe  a  case  of  Iracliydadylij 
occurring  in  the  fourth  digit  of  each  hand  in  a  male  and  due  to 
shortening  of  the  metacarpal  bone.  His  father  presented  the  same 
condition,  but  the  grandparents  were  free  from  it.  The  man  married 
a  normal  woman  and  had  three  sons  and  two  daughters,  all  of  whom 
were  similarly  affected. 

RiEDER  (Ix.)  adds  another  to  the  list  of  cases  presenting  hraduj- 
dadyly  and  hyperj^halavgy  in  the  same  hand.  Pfitzxer  (Ixi.),  in  a 
long  and  valuable  paper,  sums  up  all  that  is  known  about  the  acces- 
sory ossicles  of  the  human  carpus,  concluding  with  the  following 
useful  list  of  all   the   elements  : — A.  Antibeachial  row  :   1,  Trian- 
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gulare,  lies  between  the  distal  end  of  the  radius  and  the  styloid  pro- 
cess of  the  ulna,  proximal  to  the  joint  cavity  of  the  wrist  and  anterior 
to  or  in  the  triangular  fibro-cartilage.     2,  Pkiforuie  seaui'Jariuni,   a 
proximally  directed  derivative  of  the  Pisiform,  which  articulates  with 
the    cuneiform.      B.    Proximal   row  :    3,    Naviculare    radicde,    the 
larger  radial  half  of  the  semilunar.     4,  Naviculare  ulnare,  the  smaller 
ulnar  half  of  the  semilunar.     5,  Limahcm  j^rojminn,  the  chief  mass 
of  the  semilunar,  excluding  Epilunatum   and  Hypolunatum.     6,  Tri- 
qiietram   radiale,  the  radial   half   of    the  cuneiform.     7,  Triquetnim 
idnare,  the  ulnar  half  of  the  cuneiform.     8,  Pisiforme  projrrmrn,  the 
normal  pisiform.     C.  Central  row  :  9,  Ra<liale  externum,  placed  to 
the  radial  side  of  the  tuberosity  of  the  scaphoid  and  articulating  with 
the  trapezium.     10,  Eintrappzium,  lying  on  the  dorsal  surface  of  the 
trapezium,   near   the  scaphoid.      11,   Centrale  volare,   the   volar  and 
more  radial  half  of  the   centrale,  intruding  itself    from    the    dorsum 
between  the  scaphoid,  trapezoid,  and  os  magnum.      12,  Centrale  dor- 
Kale,  the  dorsal  and  more  ulnar  half  of   the   centrale.      1 3,  U2^ituna- 
tum,  the  distal,  dorsal,  and  radial  angle  of  the  .semilunar,  lying  on  the 
dorsal   surface  between  semilunar,   scaphoid,   and  os  magnum.     14, 
Hypolunatum,  the  distal,  radial,  and  volar    angle   of    the  semilunar, 
lying  on  the  volar  surface  between  scaphoid,  semilunar  and  os  mag- 
num.      15,  Epipyramis,   the  distal,  dorsal,  and   radial  angle  of  the 
cimeiform,  lying  dorsal  between  cuneiform,  semilunar,  and  unciform. 
16,  Ulnare  externuin,  on  the  dorsal  surface  of  the  triquetrum  ulnare, 
near  the   unciform.     D.  Distal  row:   17,  Trajjezium  proprium,  the 
principal  mass  of    the  trapezium  :  the   normal  trapezium,  excluding 
paratrapezium  and   Tr.  secundarium.      18,  Trape-ioides  iiroiivium,  the 
volar  part  of  the  trapezoid,  reaching  the  dorsum  of   the   hand  proxi- 
mally.     19,  Metadyloid,  dorsal-  between  trapezoid,  os  magnum,  and 
the  styloid  process  of  metacarpal  iii.     20,  Gapitatum  proprium,  the 
principal  mass   of   the   os   magnum  :  excluding  C.  secundarium  and 
subcapitatum.     21,  Hamatum  propi'iura,  the  unciform,  excluding  its 
hook.      E.  Carpo-metacaepal  row  :  22,  Paratrapezium,  the  disto- 
radial  angle  of  the  trapezium  :  pushing  itself  in  from  the  radial  aspect 
of  the  hand   between  the  trapezium  and  the  i.  metacarpal.     23,  Prae- 
trapezium,  Volar  :  at  the  distal  end  of  the  tuberosity  of  the  trapezium, 
between  it  and  the  metacarpal  i.       24,  Trapezium  secundarium,  the 
disto-ulnar  angle  of  the  trapezium,  lying  between  trapezium,  trapezoid 
metacarpal  i.  and  metacarpal  ii.     25,  Trapezuides  S'cundarium,  dorsal : 
lying  between  trapezium,   trapezoid  and  metacarpal  ii.     26,  Epitra- 
/jezoideum,  the  dorsal  half  of  the  normal  trapezoid  :  larger  than  that 
bone,   but  ])urely  dorsal  :  lies  between    the  trapezium,   os    magnum, 
metacarpal  ii.  and  the  styloid  process  of  metacarpal  iii.  :  is  separated 
from  the  scaphoid  by  the  dorso-proximal  angle  of  the  trapezoides  pro- 
prium.      27,  Parastyloideum,  dorsal:  between  trapezoid,  metacarpal 
ii.  and  styloid  process  of  metacarpal  iii.     28,  Slyloidemn,  the  styloid 
process  of  the  iii.  metacarpal  :  dorsal :  lies   between  metacarpal  iii., 
metacarpal  ii.,   os  magnum,  and    trapezoid.     29,  Sidjcapiiatum,   the 
volar  part  of  the  distal  end   of  the  os  magnum  :  lies   volar  between 
the  head  of  os  magnum,  trapezoid,   unciform,  and  metacarpal  iii.     30, 


ELEVENTH   KEPORT   OX   KECENT   TERATOLOGIC AL  LITERATURE.    507 

Ca^ntatum  secundarium,  the  disto-dorso-ulnar  angle  of  the  os  mag- 
num :  hes  dorsal  between  the  os  magnum,  unciform,  metacarpal  iii. 
and  metacarpal  iv.  31,  Ossiculum  Gritberi,  volar:  between  os  mag- 
num, unciform,  metacarpal  iii.  and  metacarpal  iv.  32,  Os  hamuli  2)ro- 
prium,  the  hook  of  the  unciform.  33,  Vesalianum,  intruding  itself 
from  the  ulnar  aspect  of  the  hand  between  unciform  and  metacarpal 
V.  F.  Metacahfal  row  :  34-38,  Metacarpals  i.-v.  G.  Meta- 
CARFO-PHALANGEAL  ROW :  39-48,  Sesama  i.-v.  radialia  et  tdnaria, 
volar  :  on  the  heads  of  the  metacarpals  :  on  each  member  is  a  radial 
and  an  ulnar  sesamoid  :  S.  iii.  ulnare  and  S.  iv.  radiale  have  not  as 
yet  been  observed  in  the  adult.  49-53,  Sesama  i.-v.  dorsalia. 
Dorsal  :  on  the  heads  of  the  metacarpals.  Up  to  now  in  man  only 
S.  i.  dorsal  has  been  observed.  H.  Basi-fhalangeal  row  :  54-58, 
Proximal  plialanges  i.-v.  I.  Proximal  interfhalangeal  row: 
59-63,  Sesama  i.-v.  proximalia,  volar  :  between  these  and  the  next 
phalanges.  S.  i.  proximale  was  formerly  incorrectly  described  by  the 
author  as  S.  i.  distale.  Sesama  ii.-v.  proximalia  are  in  man  chiefly 
represented  by  fibrous  sesamoids.  K.  Mesophalangeal  row:  64- 
68,  Middle  phalanges  i.-v. ;  mesophalanx  i,  is  assimilated  to  telo- 
phalanx  i.  L.  Distal  interfhalangeal  row:  69-73,  Sesamal  i.-v. 
iJisfalia,  volar  :  between  middle  and  terminal  phalanges.  Up  to  the 
present  only  S.  ii.  had  been  observed.  M.  Telophalangeal  row  : 
74-78,  terminal  phalanges  i.-v.  Pfitzner  (Ixii.)  also  records  u 
number  of  malfurmations  of  the  extremities,  as  follows  : — (1)  A  family 
with  hereditary  syndactyly,  Polydactyly,  and  other  malformations  of 
the  fingers.  These  run  through  three  generations  including  twenty- 
seven  individuals,  all  of  whom,  however,  were  not  affected.  Syndac- 
tyly or  webbing  was  met  with — 

In  the  hand — 

Pollex  and  index,         .  two  cases  in  four  hands. 

Annularis  and  minimis,  ,,                 ,. 

All  digits,   .         .         .  one  case    ,,    two      ,, 
In  the  foot — 

1,  2,  3,        .         .         .  thirteen  cases  in  twenty-six  feet. 

AH,     ....  one  case  in  two  feet. 

Supernumerary  pollux  met  with  in  three  cases  in  four  hands. 

,,              minimus  ,,          six         ,,          twelve  ,, 

„              hallux  ,,          six         .,          eleven  feet. 

(2)  Synostosis  of  the  terminal  phalanges  of  me  2,  3,  4  toes  in  the  left 
foot  of  a  man.  (3)  Duplicity  of  the  phalanges  of  the  little  toe,  also  in 
the  left  foot  of  a  man.  (4)  Duplicity  of  the  hallux  in  a  girl;  the 
ungual  phalanx  was  perfectly  double,  the  first  phalanx  was  broadened 
and  shortened,  presenting  somewhat  the  appearance  of  a  double 
phalanx.  There  was  also  a  double  internal  cuneiform  bone  in  this 
case,  but  this  abnormality  was  unconnected  with  the  other.  (5)  A 
family,  Avhose  tree  is  given,  with  hereditary  Polydactyly  of  the  littU; 
finger  and  little  toe.  Clivio  (Ixiii.)  gives  the  case  of  a  child  born  with- 
out any  right  loiver  extremity.     The  right  ischium  was  absent,  and  the 
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Other  parts  of  the  os  innominatiim  on  tlie  same  side  were  imperfectly 
developed.  There  Avas  only  one  imibilical  artery,  the  right  iliac 
vessels  and  the  kidney  of  that  side  were  absent,  as  were  the  right  horn 
of  the  uterus,  the  right  Fallopian  tube,  and  round  ligament.  Gourdon 
(Ixiv.)  narrates  another  case  of  edromelia.  There  were  slight  abnor- 
malities of  one  hand ;  the  other  forearm  and  hand  were  nearly  com- 
pletely absent.  As  shown  by  the  X-rays,  the  femora  were  represented 
only  by  small  spheroidal  masses  of  bone.  The  child  in  whom  these 
abnormalities  were  observed  was  aged  twenty-two  months  and  quite 
healthy.  Wood  (Ixv.)  places  on  record  two  further  cases  of  ahsence 
of  the  fibula.  Morestin  (Ixvi.)  records  a  case  of  congenital  lipoma  of 
the  second  rigid  toe  in  a  child  aged  three.  The  toe  was  superficially 
eight  to  ten  times  the  size  of  the  great  toe,  but  there  was  no  alteration 
in  the  phalanges.  Morestin  also  (Ixvii.)  gives  a  case  of  lymphavgi- 
ectatic  enlargement  of  the  left  arm,  congenital  in  its  nature.  The  length 
of  the  member  and  of  its  parts  scarcely  differed  from  those  of  its 
normal  fellow ;  the  muscles  were  but  little  modified,  and  the  lesion 
was  confined  to  the  subcutaneous  tissue.  Scholten  (Ixviii.)  describes 
a  congenital  tumour  of  the  little  finger.  The  tumour,  which  in  form 
and  appearance  resembled  a  small  white  grape,  consisted  mainly  of 
oedematous  connective  tissue,  embedded  in  which  was  a  nucleus  of 
cartilage  cells.  This  appears  to  be  a  case  of  imperfect  Polydactyly. 
FiJRST  (Ixix.)  contributes  a  paper  on  a  case  of  absence  of  the  pecforalis 
major  and  other  muscles.  Pectoralis  major  and  minor  were  completely 
absent,  and  the  following  were  imperfect :  serratus  magnus,  obliquus 
abdominis  externus,  rectus  abdominis,  latissimus  dorsi,  and  inter- 
costals.  The  breast  and  subcutaneous  fat  of  the  thorax  were  wanting. 
The  fingers  were  webbed,  and  there  was  brachydactyly.  Bothe  (Ixx.) 
in  a  thesis  records  the  following  defects  in  the  forearm.  Case  1  — 
There  was  no  family  history  of  importance.  The  right  arm  was 
shorter  than  the  left.  The  right  radius  was  bent,  and,  measured  over 
its  convexity,  was  1'9  cm.  shorter  than  the  left.  The  right  ulna  was 
5 '95  cm.  shorter  than  the  left.  The  carpus  was  normal  on  the  right 
side,  and  the  cuneiform  was  3  cm,  distant  from  the  distal  end  of  the 
ulna.  The  distance  would  have  been  greater  but  for  the  curvature  of 
the  radius.  The  power  of  pronation  Avas  considerably  decreased.  Case 
2  was  of  a  similar  nature.  Here  the  left  ulna  was  5'0  cm.  shorter 
than  the  right. 
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A  MEETING  of  the  Anatomical  Society  of  Great  Britain  and  Ireland 
was  held  in  the  Physiological  Theatre,  University  College,  London,  on 
Friday,  May  3rd,  at  4  p.m.  Owing  to  the  unavoidable  absence  of 
the  President,  Mr  Clement  Lucas,  Vice-President,  took  the  chair. 
Eighteen  members  and  live  visitors  were  present. 

The  minutes  of  last  meeting  were  read  and  confirmed. 

The  Chairman  then  read  the  following,  those  present  standing : — 

Home  Office,  Whitehall,  2  7th  March  1901. 

Sir, — I  am  commanded  by  the  King  to  convey  to  you  hereby  His 
Majesty's  thanks  for  the  loyal  and  dutiful  Address  of  the  Council  and 
Members  of  the  Anatomical  Society  of  Great  Britain  and  Ireland,  on 
the  occasion  of  the  lamented  death  of  Her  late  Majesty  Queen  Vic- 
toria.— I  am.  Sir,  your  obedient  servant, 

Cbas.  T.  Ritchie. 
The  Hon.  Secretary, 

Anatomical  Society  of  Great  Britain  and  Ireland. 

The  following  candidates  were  unanimously  elected  members  of  the 
Society : — Mr  J.  H.  Watson,  Demonstrator  of  Anatomy,  London 
Hospital  Medical  College,  proposed  by  A.  Keith,  A.  M.  Paterson, 
C.  S.  Sherrington.  R.  P.  Rowlands,  M.B.,  Demonstrator  of 
Anatomy,  Guy's  Hospital  Medical  College,  proposed  by  R.  Clement 
Lucas,  F.  G.  Parsons,  A.  Robinson.  W.  L.  B.  Tkotter,  M.D.,  M.S., 
Demonstrator  of  Anatomy,  University  College,  London,  proposed  by 
G.  D.  Thane,  T.  W.  P.  Lawrence,  H.  B.  Shaw. 

G 


XVi  PROCEEDINGS   OF   THE 

The  following  communications  were  made  : — 

(1)  Dr  Batty  Shaw  showed  a  man  in  whom  an  acromio-trachelian 
muscle  (levator  claviculse)  was  remarkably  well  developed  on  the  left 
side.  The  last  specimen  shown  at  the  Society  was  also  developed  on 
the  left  side  of  the  neck  of  a  woman.  It  was  suggested  that  this 
muscle  occurs  much  more  frequently  on  the  left  than  on  the  right 
side. 

(2)  2I  remarkable  condition  in  a  Rabbit  simulating  the  occurrence  of  a 
Double  Heart.     By  Professor  Arthur  Thomson. 

The  specimen  exhibited  was  removed  from  a  half-bred  Belgian 
hare,  aged  10  months,  and  was  sent  to  me  under  the  impression  that 
the  case  was  an  instance  of  the  occurrence  of  a  double  heart.  Un- 
fortunately I  did  not  receive  the  entire  animal,  but  only  the  thoracic 
portion  of  the  trunk ;  and  owing  to  the  fact  that  the  neck  had  been 
severed  and  the  diaphragm  much  cut,  the  connections  and  relations 
of  the  various  parts  were  disturbed. 

So  far  as  could  be  ascertained,  the  natural  position  of  the  anomalous 
organs  is  that  represented  in  fig.  1.  As  will  be  seen  from  the  draw- 
ing, there  are  what  look  like  two  hearts,  placed  one  above  the  other, 
or,  more  correctly  speaking,  one  in  front  of  the  other ;  both  these 
organs  seem  to  have  been  lodged  within  the  same  pericardial  sac. 
The  upper  of  the  two  (using  this  expression  in  relation  to  its  position 
as  displayed  in  the  figure)  was,  in  respect  of  structure,  a  normal 
heart,  possessing  two  auricles  and  two  ventricles,  with  associated 
valves  and  vessels. 

In  one  respect  only  could  this  heart  be  considered  as  abnormal, 
and  that  was  in  reference  to  the  veins  draining  into  the  right  auricle. 
No  trace  of  a  right  anterior  vena  cava  could  be  found  either  in  the 
superior  mediastinum  or  in  the  immediate  vicinity  of  the  auricle,  and 
there  was  certainly  no  corresponding  opening  into  the  auricular 
cavity.  The  left  anterior  cava,  marked  c,  fig.  1,  though  apparently 
the  only  vessel  draining  the  blood  from  the  head  and  upper  hmbs, 
was  of  small  size,  and  in  place  of  opening  directly  into  the  right 
auricle,  joined  the  posterior  vena  cava  prior  to  its  entrance  into  the 
heart. 

As  shown  in  fig.  1,  the  upper  (anterior)  heart  seemed  to  rest  on  the 
accessory  organ  which  intervened  between  it  and  the  diaphragm. 
This  anomalous  structure  was  about  the  size  and  consistence  of  the 
left  ventricle  of  the  normal  heart.  Its  connections  and  relations 
may  best  be  understood  by  an  examination  of  fig.  2,  in  which  the 
two  so-called  hearts  are  seen  drawn  apart  and  turned  aside  to  the 
left.  Here  the  accessory  organ  is  seen  to  be  affixed  to  the  side  of  the 
posterior  vena  cava,  just  where  it  pierces  the  tendon  of  the  diaphragm, 
the  length  of  vein  intervening  between  the  two  hearts  being  23  mm. 
In  this  figure  the  posterior  vena  cava  is  the  only  vessel  seen  opening 
into  the  right  auricle,  though  to  the  left  of  it  a  slender  fibrous  band, 
which  I  take  to  be  a  remnant  of   the   left   omphalo-meseraic   vein, 
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unites  the  two  organs  (/,  fig.  2 ;  //,  fig.  1).  Superiorly  this  vestigial 
structiire  became  blended  with  the  wall  of  the  right  auricle  close  to 
the  posterior  extremity  of  the  right  auriculo-ventricular  groove,  but 
no  trace  of  an  orifice  was  revealed  on  laying  open  the  auricle.  In- 
feriorly  this  fibrous  remnant,  which,  so  far  as  I  could  make  out,  lay 
free  within  the  pericardium,  was  attached  to  the  tendinous  part  of  the 
diaphragm  (see  h,  fig.  1),  and  also  to  the  accessory  organ  near  its 
orifice  or  attached  end.  The  so-called  accessory  heart,  which  was 
about  the  size  of  the  human  ovary,  was  covered  with  an  epicardiac 
layer.     To  the  feel  its  diaphragmatic  surface  was  thicker  and  more 


Fig.  1.— «,  trachea  ;  h,  aorta  ;  c,  left  anterior  cava  ;  d,  puhnonary  artery  ;  c,  left 
pulmonary  artery  ;  /,  left  pulmonary  veins  ;  g,  post  vena  cava  ;  h,  vestigial 
remains  of  left  omplialo-meseraic  vein  ;  i,  sinns-like  dilatation  ;  j,  opening 
from  sinus  into  post  vena  cava;  1%  post  vena  cava  ;  I,  anomalous  organ  (liver) ; 
m,  left  ventricle  ;  n,  left  auricle  ;  o,  right  ventricle. 

fleshy  than  that  aspect  which  was  directed  towards  the  other  heart, 
where  the  muscular  wall  seemed  distinctly  thinner.  This  difference  in 
the  thickness  of  its  wall  led  to  the  supposition  that  it  was  subdivided 
into  an  auricular  and  ventricular  part— a  supposition,  however,  which 
was  not  confirmed  by  subsequent  observation.  The  external  aspect 
of  the  organ  also  presented  appearances  which  seemed  to  indicate  that 
it  was  separated  into  two  cavities  (see  fig.  2,  h). 

In  regard  to  the  connections  of  this  anomalous  organ,  the  conditions 
are  somewhat  obscure,  owing  to  the  mutilation  of  the  diaphragm  and 
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the  removal  of  the  liver ;  but  so  far  as  could  be  made  out,  the  con- 
ditions are  as  follows  : — 

The  central  tendon  of  the  diaphragm  displays  a  pouch-like  dilation 
(fig.  1,  i),  Avide  below,  and  extending  upwards  above  the  level  of  that 
partition,  and  in  front  of  (ventral)  to  the  posterior  vena  cava.  With 
this  pouch,  which  presumably  received  the  contents  of  the  hepatic 
veins,  the  accessory  organ  was  continuous  superiorly  by  an  orifice  more 
or  less  circular  in  form,  and  having  a  diameter  of  about  10  mm.  The 
position  of  this  aperture  is  indicated  in  fig.  1  by  an  upward  extension 
of  the  dotted  line  leading  from  the  letter  i.     Opening  into  the  back 


Fig.  2. — a,  trachea  ;  h,  aorta  ;  c,  right  auricle  ;  d,  right  ventricle  ;  e,  apex  of 
left  ventricle  ;  /,  vestigial  remains  of  left  oniphalo-meseraic  vein  ;  g,  post 
vena  cava  ;  h,  anomalous  organ  (liver)  ;  i,  post  vena  cava  ;  j,  left  auricle  ; 
k,  thoracic  aorta  ;  I,  right  pulmonary  veins  ;  m,  right  pulmonary  artery. 


of  this  sinus-like  dilatation  {i,  fig.  1),  and  below  the  diaphragm,  is  an 
oval  orifice,  10  mm.  in  lengtli,  leading  into  the  posterior  vena  cava. 
How  the  sinus  i  was  closed  in  anteriorly  and  inferiorly  can  unfortu- 
nately not  be  determined.  In  addition  to  its  connection  with  the 
fibrous  pouch-like  extension  of  the  tendon  of  the  diaphragm,  the 
anomalous  organ  was  also  united  with  the  anterior  (ventral)  surface 
of  the  posterior  vena  cava,  above  the  diaphragm,  by  means  of  a  taper- 
ing triangular  meso-cardial  fold,  between  the  layers  of  which  there  was 
some  fat  (see  fig.  2,  to  the  left  of  the  posterior  vena  cava), 
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On  laying  apen  this  heart-like  organ,  its  interior  was  seen  to  consist 
of  a  spongy  arrangement  of  what  seemed  like  muscular  trabeculae, 
the  interstices  of  which  were  filled  with  blood-clot.  Xear  its  attached 
extremity  the  walls  were  thin  and  membranous,  being  directly  con- 
tinuous with  the  poucli-like  extension  of  the  tendon  of  the  diaphragm., 
but  towards  its  apex  the  muscular  wall  attained  a  thickness  of  6 
or  7  mm.  The  wall  of  this  organ,  which  was  turned  towards  the 
diaphragm,  was  considerably  thicker  than  that  which  was  directed 
upwards.  A  careful  examination  of  the  interior  failed  to  reveal  any 
division  into  cavities,  nor  were  any  valve-like  arrangements  noticed, 
the  cavity  being  ill  defined,  owing  to  the  spongy  nature  of  its  walls. 
No  other  aperture  than  that  already  described  was  found  either  leading 
into  or  out  of  the  cavity  of  this  organ,  so  that  the  opening  already 
referred  to,  which  led  into  the  sinus-like  pouch,  must  have  servesd  as 
a  channel  of  exit  entrance  for  the  blood  which  circulated  within  this 
organ. 

As  will  be  apparent  from  a  perusal  of  the'  foregoing  description,  it 
wa&'  well-nigh  impossible  to  account  for  the  condition  on  develop- 
mental grounds,  and  yet  all  to  whom  the  specimen  was  shown  agreed 
in  supposing  that  the  accessory  structure  was  of  the  nature  of  a  heart. 
Fortunately  we  had  taken  the  precaution  of  having  a  microscopical 
.examination  made  of  the  wall  of  th^s  supposed  heart,  and  fresh  light 
was  shed  on  the  condition  when  my  friend  Dr  ]\Iann  reported  that  the 
tissue  examined  was  not  muscular  in  its  nature,  but  was  composed  of 
typical  liver  substance.  The  condition  is  thus  readily  accounted  for 
by  assuming  that  at  an  early  period  of  development  a  hernia  of  the 
liver  passed  through  the  diaphragm,  and  ultimately  invading  the  peri- 
cardial sac,  assumed  the  form  and  connections  already  described. 

Farther,  the  present  specimen  affords  a  possible  explanation  of  the 
oft-quoted  cases  of  Boerhave  and  Meckel,  which  have  hitherto  been 
hard  to  account  for. 

(.3)  Dr  Raymond  Johnson  showed  an  Ann'maJij  of  the  Ureter  of  a 
child  which  had  died  soon  after  birth.  The  ureter  was  double, 
except  at  its  lower  extremity,  where  it  was  single.  The  ureter  did 
not  end  in  the  bladder,  but  near  the  external  urinary  meatus. 

In  the  discussion  which  ensued,  it  was  agreed  that  it  was  a  case  in 
which  the  ureter  of  one  side  had  partially  retained  its  embryonic 
origin  from  the  Wolffian  duct,  and  thus  come  open  near  the  meatus. 
The  case  is  to  be  fully  reported  and  illustrated  in  the  current  volume 
of  the  Transactions  of  the  Pathological  Societij  of  London. 

(4)  Professor  F.  Dixon  showed  a  series  of  models  illustrating  the 
Anatomy  of  the  Pelvic  Viscera.  The  models  were  specially  intended 
to  show  the  form,  relations,  and  peritoneal  folds  of  the  bladder  in 
full  and  empty  conditions. 

(5)  Dr  T.  Savage  exhibited  a  boy  in  which  a  forearm  and  hand 
were  represented  merely  by  rudiments  of  the  digits.  A  skiagram  was 
exhibited  along  with  the  case,  showing  that  the  proximal  ends  of 
the  forearm  bones  were  also  present. 
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(6)  Dr  T.  W.  p.  Lawren'ce  showed  a  specimen  from  the  Museum 
Collection  of  University  College,  of  High  Division  of  the  Bracliial 
Artery^  with  Reunion  of  Branches.  The  specimen  consists  of  the 
greater  part  of  the  brachial  artery,  including  its  bifurcation,  together 
with  the  median  basilic  and  basilic  veins.  The  brachial  artery  divides 
at  a  point  about  15  cm.  above  its  lower  end  into  two  trunks  of  unequal 
size.  The  two  trunks  remain  separate  to  within  a  short  distance  of 
their  lower  ends,  where  they  become  united  laterally  for  a  length  of 
G  mm.,  and  are  then  continued  into  the  two  vessels  of  the  forearm. 

Between  the  median  basilic  vein  and  the  larger  of  the  two  divisions, 
an  arterio  venous  aneurism  has  formed  as  a  result  of  a  wound  of  the 
artery  in  the  operation  of  venesection.  Ligatures  have  been  applied 
to  both  divisions  of  the  artery. 

The  specimen,  which  is  one  of  Sir  Charles  Bell's  preparations,  is 
preserved  in  the  Museum  of  University  College,  London,  together 
with  several  paintings  by  Sir  Charles  Bell  of  the  arm  from  which  the 
specimen  was  taken. 

Reunion  of  the  two  branches  in  high  division  of  the  brachial  artery 
was  first  described  by  Jones  Quain  in  the  first  edition  of  the  Elements 
of  Anatomy,  p.  405.  In  the  specimen  which  he  describes,  the  two 
trunks  converged  at  the  bend  of  the  elbow,  "so  as  to  form  a  short 
trunk,  which  soon  divided  again  into  the  radial  and  ulnar  arteries  in 
the  usual  way."  Actual  reunion  of  the  branches  such  as  Quain  here 
describes  is  a  much  rarer  condition  than  that  in  which  the  communi- 
cation is  by  means  of  a  distinct  intervening  trunk.  The  specimen 
exhibited  presents  a  condition  intermediate  between  these  two  ;  no 
distinct  intervening  vessel  is  present,  but  the  two  trunks,  lying  in 
contact,  communicate  by  an  aperture  in  their  contiguous  walls. 

Professor  Thane  very  kindly  furnished  the  following  references  to 
fourteen  previous  cases  of  actual  reunion  of  the  two  divisions : — 

Bankart,  Pye  Smith,  and  Phillips,  Giafs  Hospital  Reports,  vol.  xiv., 

1879,  p.  447. 
Dean  (M.  H.),  cited  by  R.  Winslow,  Broolxlyn  Annals,  vol.  vii., 

1883,  p.  20. 
Green  (P.  H.) —  Varieties  in  the  Arterial  System,  1830,  p.  17  (three 

cases). 
Macartney. — Specimen  in  the  Macartney  Collection  at  Cambridge, 

referred  to  by  R.  Quain,  Anatomy  of  the  Arteries,  1828,  p.  221, 

and  by  F.  Tiedemann,  Explicationes  Siij)plementorum  ad  I'ahidas 

Arteriarum,  1846,  p.  50. 
Mauclaire  {V.)—BnlL  Soc.  Anat.,  Paris,  1894,  p.  105. 
Norton,  cited  by  J.  11.  Power,  Anatomy  of  Arteries,  1860,  p.  358. 
Quain  (.lones),  Elements  of  Anatomy,  1828,  p.  405. 
Quain  (R.),  Anatomy  of  the  Arteries,  p.  264. 
Shepherd  (F.  J.),  Broolclyn  Annals,  1883,  vol.  viii.  p.  175. 
Tiedemann  (F.),   ExpUcatio  Sufiplementoram  ad   Tahidas  Arteri- 

artwi,  1846,  pp.  50,  52  (three  cases). 
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■  (7)  Professor  Johnson  Symington  made  the  following  communica- 
tions, accompanied  with  lantern  demonstrations  : — 

(1)  Additional  Notes  on  the  Articulations  hetioeen  the  Occipital  Bone, 

Atlas,  and  Axis  in  Mammalia. 

(2)  On  the  Development  of  Digits  in  Cetacea. 

(3)  Observations  on  the  Development  of  the  Human  Brain  before  and 

after  Birth. 

These  communications  will  be  published  at  length. 

(8)  Dr  Batty  Shaw  gave  a  lantern  demonstration,  in  which  he 
summarised  his  research  into  the  Morphology  of  Adipose  Tissue.  This 
communication  will  be  published  in  the  October  number  of  the  Journal 
of  Anatomy  and  Physiology. 

Owing  to  the  lateness  of  the  hour,  the  following  papers  were  post- 
poned to  the  summer  meeting  at  Leeds  on  July  5th  and  6th : — 

Mr  J.  H.  Watson.  "  A  lantern  demonstration  showing  the  origin 
and  nature  of  the  Hydatiform  Bodies  of  the  Testicle  and  Broad  Liga- 
ment, with  special  reference  to  the  fate  of  the  Miillerian  duct  in  the 
Epididymis." 

Professor  Arthur  Thomson.  *'  Relation  of  Structure  to  Function, 
as  illustrated  by  the  growth  of  the  inferior  femoral  Epiphysis." 
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